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Figure 1. Signal input for strain or stress sweep in oscillatory testing.
Figure 2. Typical response of strain or stress sweep test.
Figure 3. Frequency sweep in oscillatory testing.
Figure 4. Isothermal time sweep in oscillatory testing.
Figure 5. Typical input and output data of a Newtonian-like behavior in small
strain oscillatory testing (10% strain, 10 rad/s).
VANE SENSOR SYSTEM IN SMALL STRAIN OSCILLATORY TESTII{G
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Table 1. Research evaluating rheological properties using a vane sensor.
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NOMENCLATURE
d Ratio of radii (dimensionless)
6 Phase shift angle (o or rad)
To Strain amplitude (dimensionless)
rl' Dynamic viscosity (Pa-s)
ry' Out of phase components or complex viscosity (Pa-s)
rl* Complex viscosity (Pa-s)
7T PI (3.14L5 rad)
oo Stress amplitude (Pa)
a) Frequency (rad/s or Hz)
Y Sweep angle (" or rad)
h Bob or vane blade height (m)
n Flow behavior index (dimensionless)
G' Storage modulus (Pa)
Gn Loss modulus (Pa)
G* Complex modulus (Pa)
M Torque (N-m)
Rc Inside radius of cup (m)
Ru Radius of bob (m)
Rv Vane blade radius (m)
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ABSTRACT
To overcome difficulties (slip, sample disturbance) associated with
traditional sensors, a semi-empirical method was developed to allow the use of a
4-bladed vane sensor in small strain oscillatory testing. It was assumed that the
vane sensor acted as a bob with an acting radius (Rv) different from the actual
radius of vane (0.02005 m). To solve for Rv, the complex modulus (G., Pa)
obtained using a concentric cylinder sensor from reference viscoelastic fluid, was
set equal to the complex modulus equation for vane sensor. Rv values were
grouped into three delta ranges of 5o < 6 < 16o, 16o < 6 < 60o, and 60o < 6 < 90o
and they were 0.01883, 0.01869, and 0.01850 m, respectively. These values were
used in the calculation of viscoelastic properties of eight commercial food
products, which resulted in G* values within 1\Yo to those obtained using a
concentric cylinder sensor. Results shown that this particular vane and cup
system can be used to directly measure the storage and loss moduli of
viscoelastic material and phase shift within the frequency range of 0.63 - 6.28
rad/s. Above 6.28 rad,/s, there is an inconsistency in phase shift angles measured
using vane method. This method is ideal for testing thixotropic food systems





Rheology is the study of deformation of material that applies to every field
of study where there is a concern for materials flow and behavior: paint flow and
pigment dispersion (Patton, 1964), blood (Dintenfass, 1985), concrete technology
(Tattersall and BanfiIl, 1983), soil mechanics (Vyalov, 1986; Haghighi et al.,
1987), geology and mining (Cristescu, 1989), plastics processing (Dea1y and
Wissburn, 1990), polymers and composites ffanovsky, 1993; Neilsen and Landel,
1994), cosmetics and toiletries (Laba, 1993) and food (Steffe, 1996; Prentice and
Huber, 1983). The food industry uses rheological data for determining
ingredient functionality in product development, providing essential information
for process design calculations, evaluating product shelf life, and correlating food
texture to sensory data.
Dynamic Rheology
Viscoelastic fluids exhibit both viscous and elastic components. An example
of a purely viscous fluid is vegetable oiI, and a purely elastic solid is rubber. In
regards to foods, viscoelasticity influences sensory perception by affecting the
mouthfeel and texture of foods (Rao, 1999; Rao, 1979).
Small strain oscillatory testing in shear to evaluate viscoelasticity has
been used extensively in food studies (Munoz and Sherman, 1991; Borwankar et
2
dL.,1993; Lorenzr et al., L996; Mleko, 1997; Ma et al., 1996; Peressim et al.,
1998). The popularity of this rheological method is due to the commercial
availability of controlled stress/rate rheometers. Its application includes
monitoring the structures evolution and development of yogurt (Afonso and
Maia, 2000), evaluating the gel strength of high-methoxy pectin gels (Evangeliou
et al., 2000), monitoring whey protein and cassava starch gelatinization
(Aguilera and Rojas, 1998), studying cheese aging (Dewettinck et al., 1999; Ak,
1995), and tracking the texture development in bakery products (Otiver and
Sahi, 1995; Autio and Sinda, 1992). In a product development application,
Munoz and Sherman (1991) studied the viscoelasticity of commercial and
reduced fat salad dressings using small strain oscillatory testing.
Operating Modes
In small strain oscillatory testing in controlled rate mode, viscoelastic
materials are subjected to a harmonically varying strain, and the stress response
is measured. Tests also may be performed in tension or compression. Typical
operating modes include strain or stress sweep, frequency sweep, and isothermal
time sweep. The strain or stress sweep is performed by varying the amplitude of
the input signal (stress or strain magnitude) at a constant frequency (Fig. 1).
This test is used to determine the linear viscoelastic range of the material, in
which the material viscoelastic parameters do not depend on the magnitude of
stress or strain. Typical response for a strain or stress sweep test can be
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observed in Fig. 2. Once the linear region is determined, viscoelastic testing
(frequency sweep, isothermal time sweep, time sweep) is conducted within this
region. Outside the linear region, the response is non-linear, and traditional
equations describing fluid behavior no longer apply.
Perhaps the most common operating mode is frequency sweep. This test
is performed by increasing the frequency while holding the strain or stress input
signal at a constant value in the linear viscoelastic range (Fig. 3). The frequency
sweep is useful for showing the effects of various ingredients and processing
treatments on the viscoelastic properties of food material and comparing
different food products. Typical testing frequencies (r,l) range from 0.01 rad/s to
100 rad/s.
fime









Figure 2. Typical response of strain or stress sweep test.
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Another operating mode is the isothermal time sweep. In this mode, both
the frequency and amplitude of the input signal are held constant over time (FiS.
4). This test is useful for observing the structural changes of time-dependent
food material such as the firming of yogurt and cheese curd. Time sweep can be
performed along with controlled temperature ramp to study viscoelastic behavior
in response to change in temperature. Structural changes of various food
materials can be observed under this condition such as the softening of chocolate
and cheese due to the melting of fat, gelation to form pectin gels, thickening of
solutions from starch gelatinization, and firming of meat and egg products due to






Figure 4. Isothermal time sweep in oscillatory testing.
6
Data Analysis
Viscoelastic parameters are commonly expressed as functions of strain
amplitude ( 7,, dtmensionless), stress amplitude ( o,,,Pa), and phase shift angle
(d, rad or degree) (Steffe, 1996). Primary viscoelastic parameters are storage
(G' , Pa) and loss (G' , Pa) moduli.
G':t;)"os(a)
G', =f ;)sin(a)t,
Storage modulus represents a measure of the elastic property, and the loss
modulus represents a measure of the viscous property of materials.
t1l
12)
Another important parameter is the tangent of phase shift or tan (6),
which is expressed as:
G' sin dtan(a)= G' cos d
When a material behaves completely elastic or Hookean solid, the stress and
strain signals are in phase (6 = 0'); meaning that force is transmitted through
the sample quickly and the stress output can be observed almost as soon as the
applied deformation produces the strain input. For this material, G" is zero
because there is no viscous dissipation of energy. When a material is purely
viscous (Newtonian), the stress and strain signals are 90 degrees out of phase (6
= 90o) from each other and G' is zero since the material does not store energy.
t3l
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Figure 5 showed a phase shift angle (6) of 85o between strain input and stress
output.
Other commonly used viscoelastic parameters are: complex modulus (G*,
Pa), complex viscosity ( r7" ,Pa-s), dynamic viscosity (rl' ,Pa-s), and out of phase



















Three traditional sensors are commonly used for oscillatory testing:
concentric cylinder (bob and cup), cone and plate and parallel plate. AIl three
sensors have geometry such that a defined shear field may be calculated,
allowing the shear rate or strain, and stress to be quantified.
Each of the sensors has different advantages. Concentric cylinder provides
a better temperature control during high shear testing compared to the other
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Figure 5. Typical input and output data of a Newtonian-like behavior
in small strain oscillatory testing (10% strain, 10 rad/s).
when using this sensor system, which commonly done by placing a layer of oil on
the surface of the sample.
Cone and plate sensor and parallel plate sensor are chosen over the
concentric cylinder when there is limitation in the sample availability because
each uses a relatively smaller sample size (0.3 - 4 ml compared to 10 - 65 mI for
concentric cylinder) (Schramm, 1994). The advantage of cone and plate over
parallel plate sensor is that the shear field is uniform across the radius, making
the calculation much simpler. The parallel plate, however, can be used to handle
gels and materials with small particulate (maximum size = 113 of the gap).
Although each of these traditional sensors has their own advantages and
limitations, there are some problems common to all three of them. These include
I
the slip of material at the shearing surface, the inability of handling materials
containing particulate at the shearing area, and the destruction of sample
structure upon loading. In order to solve these problems, sensors with different
geometrical design, such as vane, have been considered as an alternative to
measure rheological properties of material.
LITERATURE REVIEW
Rheological measurements obtained using a vane sensor were first used in
soil mechanics for on site measurement of the shear strength of soils (Cadling
and Odenstad, 1950). Since then, there is a growing interest in using vane
sensor for the measurement of other rheological properties.
Advantages of the vane geometry include:
1. Vane minimizes disturbance to the material structure as it is inserted into
the sample.
2. Vane reduces wall-slip.
3. Vane is able to evaluate systems containing particulates.
Studies in measuring rheological properties using a vane sensor have been
performed on both food and non-food materials (Table 1). In general, these
studies can be categorized by rheological test: the shear rate flow curves, yield
stress, and oscillatory testing. Vane system geometries guidelines have been
established for yield stress testing but not for other rheological tests (Steffe,
1ee6).
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Table 1. Research evaluating rheological properties using a vane
sgnsor.
Name Research Topic
Barnes and Carnali (1990) Vane as one of the rheometer geometry for shear thinning
and thixotropic behavior observation (Shear rate flow
curve)
Geraghty and Butler (1998) Viscosity characterization of a commercial yogurt over a
wide shear rate range (Shear rate flow curve)
Nguyen and Boger (1985) Direct yield stress measurement
yoshimura et al. (Lgg71 A comparison of techniques for measuring yield stress
Briggs and Steffe (1996) Vane method to evaluate the yield stress of frozen ice
CICAM
Z}aang et al. (1998) Measurement of foam modulus in dynamic testing
Shear Rate Flow Curue
Barnes and Carnali (1990) showed in their research that the vane
geometry behaved similar to concentric cylinder (bob and cup) sensor in fluid
with flow behavior index (n) Iess than 0.5. Using finite element analysis, they
found that the liquid within the periphery of the vane blades behaves as solid
and moves with the rotation of the blades. Theoretically, the torque on the vane
sensor will be equal to the torque on the concentric cylinder with the same
dimensions.
Geraghty and Butler (1998) used the vane in cup method for viscosity
characterization of yogurt at 5" C over a shear range of 10-5 - 103 s-1. Results
showed that data obtained using the vane and concentric cylinder sensors were
comparable. The flow behavior index (n) of these samples was 0.4, which
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supported the observations made by Barnes and Carnali (1990) that using vane
sensor in shear rate testing was applicable for materials with n < 0.5.
Yield Stress Measurement
The vane method was originally developed to evaluate yield stress, which
is defined as the minimum shear stress needed to initiate flow of material. The
major advantage of using the vane sensor is its capability to be inserted into a
sample with little disturbance to the sample, preserving the weak structure of
sample material for static yield stress measurement. Yield stress measurement
using the vane sensor systems has been done on a vast range of food materials
including yogurt (Geraghty and Butler, 1999), frozen ice cream (Briggs and
Steffe, 1996), and tomato ketchup (Steffe, 1996).
The geometry of the vane sensor and sample container affect yield stress
magnitude. Steffe (1992) provided the geometry guidelines for yield stress
testing. Vane sensors with 4 blades (Nguyen and Boger, 1985), 6 blades, and 8
blades (Qiu and Rao, 1988) have been tested with no difference in results when
compared to those obtained using the traditional sensors.
Oscillatory Testing
Published research in using a vane sensor in dynamic shear testing is
extremely limited. Zhang et al. (1998) used vane sensor to record the moduli of
reacting polyurethane foam since there are many problems associated with
L2
measuring these properties using traditional sensors. The problems include
wall-slip effect and disturbance of kinetic reactions of the material due to heat
transfer. In this study, storage modulus (G') of reacting polyurethane foam was
measured using a four-bladed vane sensor (Rv = 0.0760 m and h = 0.0250 m).
Results were compared to those obtained using modified (flooded, heated)
parallel plate sensor with temperature control. An isothermal sweep was
performed at 10 rad/s and 0.01 strain. Calibration was performed beforehand
using shaving cream to see whether the data obtained by vane sensor agreed to
those obtained by parallel plate, and the result was positive. The study
concluded that data obtained using vane sensor was comparable to those
obtained using parallel plate sensor prior to cell opening (a phase where the
bubble cell of the foam opened and most of the thin membranes that separated
the cells ruptured and formed an open cell network). Errors of 40% were found.
However, the limitations of the vane sensor including the applicable frequency
and viscosity ranges were not investigated.
THESIS ORGANIZATION
This thesis, 'Vane Sensor System in SmaII Strain Oscillatory Testing", is
written in the alternate thesis format. One paper, written in the format
required for Journal of Texture Studies, is contained within this thesis. General
conclusions and recommendation for future research follow the paper.
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Jenni Briggs, major professor guided, analyzed, and reviewed the research
and the paper.
Thesis Objectiues
The objective of this thesis is to provide a complete report of the research
performed to develop a method in using vane geometry as a sensor system in
small strain oscillatory testirg, focusing on its applicability to food materials.
Rationale and Sienificance
The rationale that underlies this research is that the new methodology for
small strain oscillatory shear testing using a vane sensor, which will represent a
fundamental contribution to rheology, is expected to fill a current void in
viscoelastic charactertzation of 'problematic' food systems. As a result, food
scientists and engineers will be able to measure viscoelastic properties of
materials that were previously neglected.
This research provides exciting advances in dynamic testing of food that
may not be evaluated using traditional sensors. Among the most intriguing
applications will be the measurement of viscoelastic behavior of slow-gelling
systems and the evaluation of food shelf-life. For example, loose gel networks
are easily damaged upon sample loading onto a cone and plate, plate and plate,
and bob and cup sensors. Without the development of an alternative method,
the primary option available is to prepare the gel in the rheometer, tying up the
L4
equipment for an entire day to run a single test. This is true in the case of
yogurt production. Other food gels that would be appropriate for testing using
the collective results of this work include tofu, enzyme -catalyzed gels, protein
gels, and hydrocolloid gels.
Other applications for the viscoelastic evaluations of 'problematic' food
systems are product development for fat substitutes, for example, and the
evaluation of 1) recrystallization and retrogredation of starch systems, 2)
stabilizer performance over time, 3) reaction kinetics, 4) stability of emulsion
gels, 5) viscoelastic foam properties, 6) ingredient functionality, and 7)
ingredient interaction.
This research is significant, because the results are expected to provide a
new approach to viscoelastic testirg, and give insight to viscoelastic behavior of
food systems that was previously not measurable.
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VANE SENSOR SYSTEM IN SMALL STRAIN OSCILATORY TESTING
A paper to be submitted for publication in the Journal of Texture Studies
Silvara Junusl and Jenni L. Briggsl,z
Iowa State University
ABSTRACT
To overcome difficulties (slip, sample disturbance) associated with
traditional sensors, a semi-empirical method was developed to a1low the use of a
4-bladed vane sensor in small strain oscillatory testing. It was assumed that the
vane sensor acted as a bob with an acting radius (Rv) different from the actual
radius of vane (0.02005 m). To solve for Rv, the complex modulus (G., Pa)
obtained using a concentric cylinder sensor from reference viscoelastic fluid, was
set equal to the complex modulus equation for vane sensor. Rv values were
grouped into three delta ranges of 5" < E < 16o, 16"o < 5 < 60o, and 60" < 6 < 90"
and they were 0.01883, 0.01869, and 0.01850 m, respectively. These values were
used in the calculation of viscoelastic properties of eight commercial food
products, which resulted in G* values within 1\Yo to those obtained using a
concentric cylinder sensor. Results shown that this particular vane and cup
system can be used to directly measure the storage and loss moduli of
viscoelastic material and phase shift within the frequency range of 0.63 - 6.28
lDepartment of Agriculture and Biosystems Engineering
zDepartment of Food Science and Human Nutrition
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rad/s. Above 6.28 rad./s, there is an inconsistency in phase shift angles measured
using vane method. This method is ideal for testing thixotropic food systems
because disturbance is minimal during sample loading, giving more accurate
viscoelastic measurements.
INTRODUCTION
Small strain oscillatory testing in shear has found wide application in the
food industry. It has been used to evaluate the viscoelastic properties of many
food materials including yogurt (Lorenzi et a1., 1996), cheese (Dewettinck et al.,
1999), and salad dressings (Munoz and Sherman, 1991). In addition, viscoelastic
properties have been correlated to sensory perception (Rao, 1999 and Rao, t979),
and are useful in product development.
Traditional sensors, such as cone and plate, parallel plate, and concentric
cylinder, use in rheological measurements are desirable because shear and
stress may be quantified; however, they all have limitations. Problems that may
arise when using these sensors are 1) testing fluids containing particulates,2)
testing thixotropic materials which are subject to sample disturbance upon
loading onto the rheometer plate or into the cup, and 3) testing materials that
are prone to slip. Therefore, a unique sensor that overcomes such problems
would be beneficial for the rheological characterization of 'problematic' foods.
There has been a growing interest in using vane geometry as a sensor in
rheological measurement to overcome limitations associated with traditional
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sensors. Vane sensors have been extensively used to quantify the yield stress
(Nguyen and Boger, 1985; Briggs and Steffe, 1996; Yoshimuraet al., L987) as
weII as char acterrztng the viscosity of food materials using rotational rheometry
(Geraghty and Butler, 1998). Stress values in these studies were calculated
based on the assumption that the vane sensor acted as a cylindrical bob, and the
fluid yielded about the periphery of the vane sensor. Results were relatively
close to the stress values obtained by traditional sensors and methods (Steffe,
1ee6).
Published literature of using a vane sensor in small strain oscillatory
testing is extremely limited. Zhang et al. (1998) conducted a study of using a
vane sensor to measure the storage and loss modulus of reacting polyurethane
foam. Results were comparable to those obtained using modified parallel plate
sensor. In this study, the applicable frequency range and the applicability of
this method on a variety of viscoelastic materials was not investigated.
The overall objective of this research was to develop a method for using
vane sensors in small strain oscillatory testirrg. It was also our aim to apply this
method to food systems.
MATERIALS AND METHODS
Theoretical Deuelop ment
Theoretically, a vane sensor can be likened to a concentric cylinder sensor
assuming the sample within the periphery of the vane blades behaves as a solid
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body. If true, stress and strain calculation, which applies to the concentric
cylinder, will also apply to the vane sensor. In oscillatory testing, it is unclear if
this assumption holds; therefore, a method to evaluate an acting radius of the
vane sensor (Rv), which is not equal to the actual radius, was developed. By
calculating this Rv, end effects and effects of the stress not uniformly distributed
about the vane sensor periph€ry, as suggested by Yan and James (1997) are
incorporated into the value of Rv.
To determine Rv, stress and strain amplitude calculations for the vane










where To= strain (dimensionless); Y = sweep angle (rad) i d = R, I Ru
(dimensionless, Rc = inside radius of cup (m), Ru = radius of bob (m)); 6o=
stress amplitude (Pa); M - torque (N-m); and h = bob height (m).
The complex modulus (G*, Pa) of a reference material, determined using a





From Eq. [3], Rv may be quantified. This procedure is repeated for several
reference fluids to determine the effects of operating parameters and viscoelastic
properties on Rv.
Once Rv is determined for the systems, it may be applied in the
calculations to determine the viscoelastic parameters of materials with unknown
properties. Therefore, oo and yo are calculated using Eq. [1 and 2], respectively,
with the substitution of Rv for Rr and vane blade height for h. Storage modulus











The vane sensor used in this research was fabricated from aluminum, had
a blade thickness of 0.00110 m, radius of 0.02005 m, and blade height of 0.05810
m (FiS. 1). Samples were contained in a standardized (ZAO-DIIIQ cylinder cup
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made of titanium with radius of 0.02170 m and depth of 0.11890 m. The vane
sensor was inserted into the sample to a gap between the cup bottom and the
vane end of 0.0180 m. For concentric cylinder testing, the container was filled
with 0.06250 L of reference sample and a standardized bob, made of titanium,
with radius of 0.02005 m (240 DIITI) was used (FiS.2). For vane sensor testing,
standard container was filled with 0.130 L of sample, which
0.0060 m
ffil
Figure 1. Dimensions of four-bladed vane (blade thickness = 0.00110 m)










ID - 0.04340 m
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corresponds to a level of 0.030 m from the top of the cup. Samp1e temperature
was maintained with a circulating water bath. All samples were tested using a
controlled rate rheometer (Haake RS 150, Paramus, NJ). A flowchart showing






















' ID - 0.04340 m I
Figure 2. Dimensions of titanium cylindrical bob and cup used in
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Seven reference viscoelastic samples (Tab1e 1) were used to calculate the
Rv. Reference fluids were chosen to represent a wide range of 6 values. Eight
commercial food products were tested (Table 2) to validate the developed
method. To determine Rv, small strain oscillatory testing in shear was
performed on the reference viscoelastic samples using a vane sensor and a
concentric cylinder sensor. Initially, a stress sweep was performed to find the
Iinear viscoelastic range of the sample for both vane and concentric cylinder.
Subsequent tests were performed inside that region. Output data from the
stress sweep using the vane sensor were not the accurate values because the
calculation from the instrument software was based on the standardized bob
geometrical properties. However, data still show the parallel graphical pattern
between G' and G" as those from the traditional sensors. Therefore, stress
sweep testing using the vane sensor to find the linear region of a sample is
applicable. Although not the actual strain, any strain values, calculated by the
rheometer software, within that region can be chosen, and readily used as an
input strain value for the next test using the vane method. After choosing the
strain input within the linear regior, & frequency sweep was performed and
repeated three times at frequencies spanning from 0.63 to 27.49 rad/s (0.1- 5
Hz). New samples were used for each replication to avoid any strain-memory
effect that might have occurred from the previous tests.
For the vane sensor, output data M (ItI-m), Y (rad) and the 6 (o) were
recorded. Using Eq. [3] and the average value of G* (Pa) from the concentric
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cylinder data, the value of Rv was solved for each reference fluid at each testing
frequency: 0.63 , L.34, 2.O4, 2.75, 3.46, 4.16, 4.87,5.58, 6.28, 13.35, 20.42, and
27 .49 rad/s.
For method validation, commercial food samples were tested using a
concentric cylinder sensor and a vane sensor. A stress sweep was performed to
find the linear region followed by frequency sweep for both sensors. The
frequency sweep (0.63 - 27 .49 rad/s) was repeated three times with new samples
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each time. Using the the raw data (M, Y, 5) and Rv value obtained from
reference data, the storage (G' , Pa) modulus and loss (G' , Pa) modulus obtained
using the vane sensor was calculated using Eq. [4 and 5]. Viscoelastic properties
obtained using the vane and concentric cylinder sensors were compared.
RESULTS AND DISCUSSION
Method Deuelopment
The complete data collected on the reference fluids were recorded in the
appendix (Table A1-A7). The reference data showed that the 5 value obtained
using the vane sensor started to differ significantly from those obtained using
the concentric cylinder at frequency above 6.28 rad/s (Fig. a). It is possible that
this is caused by the secondary flow created in the sample by the movement of
the vane sensor as frequency increased. Based on this assumption, the vane
sensor should measure a lower 6 values than the bob sensor, since secondary
flow creates a resistance as the vane sensor oscillates, giving an impression that
the fluid is more solid than it actually is, resulting in decreased values of 6. Due
to inconsistency of 6 at increased frequency, it was concluded that the using of
vane system proposed in this research is applicable at frequency below 6.28
rad/s. Further studies are underway to optimize vane sensor geometry, and






























Figure 4. Typical S (') values obtained using concentric cylinder and
vane sensors on reference samples; L2% carrageenan, bob; b 2%
carrageenan, vane; , l.1yo guar guffi, bob; O L,5% guar guffi, vane; a 3.5yo

















Rv = 0.018829 m
Std. Dev = 0.00003 m
Rv = 0.018689 m
Std. Dev = 0.00002 m
Rv = 0.018503 m
Std. Dev = 0.00006 m
  ,.. ailrLallrl
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Frequency (rad/s)
Figure 5. Acting radius (m) of vane sensor versus frequency for
reference samples; I 5" < 5 < 16' (2.0Yo Carrageenanr 2.0yo Xanthan); r 16"
< 6 < 60" (1.5Yo and 2.0yo Guar gum); ^ 60" < 6 < 90o (3.5% K4M, 10 Pa-s and
L2.5 Pa-s Silicone Oil).
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Rv values of reference samples could be grouped into three delta ranges.
From Fig. 5, 6 was slightly dependent on frequency. However, using linear
regression techniques to develop an equation for Rv as a function of r,r resulted in
minimal change in accuracy compared to taking an average when applied to food
products during the method validation phase of this work. Therefore, an
average was found from Rv values for each delta ranges to simplify calculations:
Rv = 0.01888 m (st. dev = 0.00003 m) for 5o < 6 < 16o; Rv = 0.01869 m (st. dev =
0.00002 m) for 16o < 6 < 60o; and Rv= 0.01850 m (st. dev = 0.00006 m) for 60o < 6
< 90".
Data showed that Rv is smaller than the actual vane radius. Findings by
Yan and James (1997) could explain the possible cause for this result. Using
numerical modeling, they showed that for viscoelastic material, the shear stress
is concentrated near the blade tips. This would mean smaller shearing surface
area for the vane sensor when compared to the bob of the same radius.
Method Validation
Using the vane sensor, 6 of the food samples showed greater deviation
compared to 6 from the bob sensor as frequency increases above 6.28 rad/s (Fig. 6
and Table 3). This occurrence was also observed in the testing reference fluids.
As with the reference fluids, 6 deviation at larger testing frequency were
attributed to secondary flows. Caramel syrup showed the largest deviation in 6

















Figure 6. Typical 6 (') values obtained using concentric cylinder and
vane sensors on commercial food samples.
Although not measured, it was observed that caramel syrup exhibited a
large extensional component based on the stringiness upon pouring the sample
into the cup. Therefore, material with a large extensional viscosity such as
maple syrup may slightly underestimate 6 at frequency below 6.28 rad/s.
Considering 6 variations above rrl = 6.28 rad/s, further comparisons of viscoelastic
parameters (G', G", and G*) will be limited to this upper frequency.
Moduli obtained using vane sensor were comparable to the moduli




















Figure 7. Moduli comparison obtained using the concentric cylinder
















Figure 8. Moduli comparison obtained using the concentric cylinder































Figure 9. Moduli comparison obtained using the concentric cylinder
and vane sensors for caramel syrup at 22 "C,
Complex modulus (G*, Pa) comparison obtained from both sensors
showed for most samples, percent different of less than l\yo, except for pudding.
Table S listed only data collected at 1.34 rad/s and 6.28 rad,/s, which sufficiently
present the general trend of the data collected at other frequencies. Complete
results for the food materials tested were listed in the appendix (Table A8-A15,
FiS. A1-A5). Compared to bob sensor, the vane sensor slightly underestimated
viscoelastic properties of samples as shown in the storage (G', Pa) and loss (G",
Pa) moduli comparison in Table 3. The only exception is barbeque sauce.
The vane method developed in this research improves upon that
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difference between the moduli obtained by the vane sensor (G*= 2LO4O Pa) and
those obtained by traditional sensor (G*= 29500 Pa). To evaluate viscoelastic
properties of foam, Zhang et al. (1998) used a vane with dimensions of 0.0760 m
diameter and 0.0250 m height, which was stouter than the one used in this
research. Initially, a vane sensor with this geometry was used in this work.
However, no consistent trend could be observed using this vane, and the data
collected showed a wavy pattern, which is a sign of secondary flow. Therefore,
the vane geometry was redesigned (FiS. 1) for this research purposes and yielded
successful results.
To determine the effect and sensitivity of cup radius on viscoelastic
properties using the vane sensors, additional testing on ranch salad dressing
was conducted in a disposable aluminum cup with the same height and radius of
0.02340 m, 0.00170 m greater than the radius of the standard 240 DII{.
Using the disposable container and vane sensor, Iarger error in the calculated
complex modulus (> 30%) was introduced, as compared to those obtained using
the standardizedZ(} DIN cup and vane sensor (< 5%) (Table a). Results are
shown in Fig. 10. Possible cause for this larger error difference was explained in
Schramm (1994). Schramm (1994) explained that there is a non-Iinearity of
velocity gradient across the gap between bob and inside wall of cup, which
affects the accuracy of rheological measurement and increased even more in non
Newtonian fluids. Theoretically, the closer the ratio of radii (Rc/Rv) to unity, the
smaller the effect of non-Iinearity would be on the rheological measurement.
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Figure 10. Moduli comparison obtained using the concentric cylinder
and vane sensors in two different container sizes, disposable aluminum
cup (Rc = 0.02340 m) and standard 240 DIN cup (Rc = 0.02170 m), for
Ranch salad dressing at 22 "C.
Due to the relationship between the cup radius and non-Iinearity, it is
recommended that when using a slightly different size of cup than the standard
240-DINI cup, the method development described in this work, using reference
fluid to obtain the Rv values, should be repeated for a different system.
The method of using a vane sensor in small strain oscillatory testing offers
exciting advancements to evaluating viscoelastic properties of 'problematic' food
systems. It would be extremely useful in measuring viscoelastic properties of






* G"-al cup, vane
XDelta-bob
- Delta-vane
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destroyed by the sample loading process using the traditional sensors. Another
application would be in measuring the viscoelastic properties of the final product
of slow gelling processes, such as in yogurt. Normally, processing yogurt would
tie up the instrument for a whole day when measurement was taken using
traditional concentric cylinder sensor because yogurt can take 4-6 hours to
develop its final structure. Using disposable cups, vane sensor, and the method
presented in this work (after finding the associated acting radius),
measurements could be done in relatively shorter period of time by preparing
the sample in the disposable cup in advance.
CONCLUSION
A semi-empirical method has been developed that allows the use of a vane
sensor in small oscillatory testing. Using reference fluids, an acting radius was
calculated by setting the G* of bob equal to the G* equation of the vane sensor.
The research showed that the calculated Rv of vane sensor is smaller than the
actual radius, and can be grouped into three delta ranges (5" < 5 < 16o, 16o < 6 <
60o, and 60" < 6 < 90"). The value of 6 can be observed from the phase shift angle
between the strain input and stress output signals.
When performing viscoelastic measurement using the vane sensor, the
appropriate Rv according to the delta ranges, is used to calculate the other
viscoelastic parameters such as storage and loss moduli. For most food samples,
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these moduli were within 15% from those obtained using traditional sensor such
as concentric cylinder.
The vane method presented in this research was limited to the frequency
range of 0.63 - 6.28 rad/s. Greater error was also introduced when tests were
done using a sample container having a slightly larger diameter, suggesting that
the standard Rv values determined in this research apply only for the specific
vane sensor and cup (240 DII{) used in this research. It is necessary to repeat
the method development procedure using reference fluids to obtain new
standard Rv values when using vane to measure viscoelastic properties in a
geometrically different system.
Overall, research showed that the vane sensor is an adequate tool to
directly measure the viscoelastic properties of 'problematic' foods within certain
defined parameters.
REFERENCES
Briggs, J.L. and J.F. Steffe. 1996. Vane method to evaluate the yield stress of
frozen ice cream. J. Dairy Sci. 79:527-531.
Dewettinck, K., L. Deroo, W. Mesens, and A. Huyghebaert. 1999. Dynamic
rheological properties of Gouda cheese as influenced by age and position.
Milchwissenschaft 54, 258-262.
4L
Geraghty, R. and F. Butler. 1999. Viscosity characterization of commercial
yogurt at 5 C using a cup in bob and a vane geometry over a wide shear rate
range (fO-s s-1 - 103 s'1). J. Food Eng. 22,1-L0.
Lorenzi, L-de., S. Pricl, and G. Torriano. 1996. Rheological behaviour of low-fat
and full-fat stirred yoghurt. Int. Dairy J. 5 (7), 661-67L.
Munoz, J. and P. Sherman. 1991. Dynamic viscoelastic properties of some
commercial salad dressings. J. Texture Studies 21, 4LL-426.
Nguyen, Q.D. and D.V. Boger. 1985. Direct yield stress measurement with vane
method. J. RheoL. 29,335-347.
Rao, M.A. L979. Rheology of Liquid Foods - A Review. J. Texture Studies 8,
135- 168.
Rao, M.A. 1999. Rheology of Fluid and Semisolid Foods: Principles and
applications. Aspen Publishers, Gaithersburs, MD.
Schramm, G. L994. A Practical Approach to Rheology and Rheometry.
Gebrueder HAAKE GmbH, Federal Republic of Germany.
Steffe, J.F. 1996. Rheological Methods in Food Process Engineering (2"a
Edition). Freeman Press, East Lansing, Michigan.
Yoshimura, A.S., R.K. Prud'homme, H.M. Princen, and A.D. Kiss. 1987. A
comparison of techniques for measuring yield stresses. J. Rheol. 3/, 699-710.
Yan, J., A.E. James. 1997. The yield surface of viscoelastic and plastic fluids in
a vane viscometer. J. Non-Newtonian Fluid Mech. 70, 237 -253.
42
ZJnang, X.D., D.W. Giles, V.H. Barocas, K. Yasunaga, and C.W. Macosko. 1998.
Measurement of foam modulus via a vane rheometer. J. Rheol. 42, 871-889.
43
GENERAL CONCLUSION
Traditional sensors, such as parallel plate, cone and plate, and concentnc
cylinder, used to measure viscoelastic properties, have several common
limitations. AII three sensors are prone to the possibility of slip of material at
the shearing surface, present the inability of handling materials containing
particulate at the shearing area, and destroy sample structure upon loading.
Vane geometry is an alternative to these traditional sensor systems in that it
minimizes disturbance to the material structure as it is inserted into the sample,
reduces the wall-s1ip problem, and also is able to evaluate systems containing
particulate. This research was done to evaluate the application of vane sensor
system in measuring viscoelastic properties using small strain oscillatory
testing, and to develop a procedure for using this sensor in small strain
oscillatory testing on food material.
When measuring viscoelastic properties of food material, using the system
presented in this work Rv values can be determined using reference fluids and
used to calculate the viscoelastic parameters of food material. Results showed
that acting radius of vane is smaller than the actual vane blade radius and can
be grouped into three delta ranges (5' < 6 < 16o,16o < 6 < 60o, and 60o < 6 < 90').
For most food material, these values were comparable (within L5%) to those
obtained using the concentric cylinder sensor when test were done within the
frequency ranges of 0.63 - 6.28 rad/s. This research concluded that vane sensor
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system is comparable to the traditional sensor in measuring viscoelastic
properties using small strain oscillatory testirrg. It is recommended that the
vane sensor be used in evaluating viscoelastic parameters of 'problematic' food
systems.
RECOMMENDATION FOR FUTURE RESEARCH
Future research should be focused upon expanding the applicability of
vane sensor in dynamic testing. Some suggestions on future research topic are:
1. Study alternative vane geometries to maximtze the applicable frequency
ranges. The present research showed applicable frequency 6.28 rad/s or
below.
Study the effects of container radius on acting radius of vane. Present
research suggested the need of repeating the developed method when
using container with a different radius than the standardZ40 DII{.
Studying the effect of container radius on Rv may provide guidelines for
the dimension of disposable container, expanding the usability of the
method presented in this research.
Study the influence of extensional viscosity on 6. One sample used in this
research that exhibit extensional viscosity, showed greater deviation in 6
value.








Table A1. Raw data of 2% Carrageenan gum measured at 22.46 "C.
Name Freq. 6 bob Avg. 5 bob St. Dev 6 vane A.rg. 6 vane St. Dev































































































































































Name Freq. G* hob A.rg. G* bob St. Dev Y vane A.rg. Y vane St. Dev
(rad/ s) (Pa) (Pa) (Pa) (rad) (Pa) (Pa)
ZYo Caruageenan 0.63 291.00 0.000649
2%o Caruageenan 0.63 286.50 0.000648
ZYo Caruageenan 0.63 295.60 291.03 4.55 0.000657 0.000651 0.000005
ZYo Caruageenan 1.34 312.70 0.000650
ZYo Cayrageenan 1.34 308.70 0.000650
ZYo Carrageenan L.34 316.60 312.67 3.95 0.000649 0.000650 0.000000
2%o Caruageenan 2.04 326.40 0.000651
2Yo Caruageenan 2.04 322.80 0.000650
ZYo Carrageenan 2.04 330.10 326.43 3.65 0.000650 0.000650 0.000001
2%, Caruageenan 2.75 336.30 0.000653
ZYo Caruageenan 2.75 333.00 0.000652
ZYo Caruageenan 2.75 340.00 336.43 3.50 0.000651 0.000652 0.000001
2%o Carrageenan 3.46 344.10 0.000653
2%o Caruageenan 3.46 341.00 0.000652
ZYo Carrageenan 3.46 347.40 344.L7 3.20 0.000652 0.000652 0.000001
2o/o Carrageenan 4.16 350.70 0.000653
2%o Caruageenan 4.LG 347.70 0.000652
2Yo Caruageenan 4.76 353.90 350.77 3.10 0.000652 0.000652 0.000001
2Y, Caruageenan 4.87 357.50 0.000654
2%o Carrageenan 4.87 354.70 0.000653
2o/o Carrageenan 4.87 360.60 357.60 2.95 0.000653 0.000653 0.000000
2%o Caruageenan 5.58 363.90 0.000654
ZYo Caruageenan 5.58 361.10 0.000653
2%, Caruageenan 5.58 366.80 363.93 2.85 0.000653 0.000654 0.000000
ZYo Caruageenan 6.28 369.70 0.000655
2%o Caruageenan 6.28 367.10 0.000654
ZYo Caruageenan 6.28 372.70 369.83 2.80 0.000654 0.000655 0.000000
ZYo Caruageenan 13.35 401.10 0.000671
2Yo Caruageenan 13.35 399.00 0.000671
ZYo Caruageenan 13.35 403.50 401.20 2.25 0.000671 0.000671 0.000000
ZYo Caruageenan 20.42 42l.l0 0.000699
2o/o Caryageenan 20.42 419.60 0.000698
2o/o Carrageenan 20.42 423.30 421.33 1.86 0.000700 0.000699 0.000001
2%o Carrageenan 27.49 435.90 0.000740
ZYo Caruageenan 27.49 435.80 0.000741
2% Carrageenan 27.49 438.20 436.63 1.36 0.000742 0.000741 0.000001
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Table .A.1. (Continue)
Name Freq. Torque vane A.rg. Torque vane St. Dev
(rad/ s) (N-m) (N-m) (N-m)
2%, Caruageenan 0.63 0.000201
2%o Caruageenan 0.63 0.000200
2o/o Carrageenan 0.63 0.000203 0.000201 0.000002
2%o Caruageenan 1.34 0.000216
ZYo Caruageenan 1.34 0.000215
2%o Carrageenan 1.34 0.000214 0.000215 0.000001
2%o Carrageenan 2.04 0.000225
ZYo Carrageenan 2.04 0.000224
2o/o Carrageenan 2.04 0.000223 0.000224 0.000001
2Yo Caruageenan 2.75 0.000232
2%o Carrageenan 2.75 0.000231
ZYo Caruageenan 2.75 0.000230 0.000231 0.000001
ZYo Caruageenan 3.46 0.000237
2%o Carrageenan 3.46 0.000236
ZYo Carrageenan 3.46 0.000235 0.000236 0.000001
2%o Carrageenan 4.L6 0.000241
ZYo Caruageenan 4.16 0.000240
2%o Caruageenan 4.L6 0.000239 0.000240 0.000001
ZYo Carrageenan 4.87 0.000246
ZYo Caruageenan 4.87 0.000244
ZYo Carrageenan 4.87 0.000243 O.OOO244 0.000001
2%o Caruageenan 5.58 0.000250
ZYo Caruageenan 5.58 0.000248
2Yo Caruageenan 5.58 0.000247 0.000248 0.000001
ZYo Caruageenan 6.28 0.000254
2Yo Caruageenan 6.28 0.000252
ZYo Carrageenan 6.28 0.000251 0.000252 0.000001
2%o Caruageenan 13.35 0.000276
2%o Carrageenan 13.35 0.000274
2o/o Carrageenan 13.35 0.000273 0.000274 0.000001
ZYo Caruageenan 20.42 0.000293
2%o Caruageenan 20.42 0.000291
ZYo Carrageenan 20.42 0.000290 0.000291 0.000001
2%o Caruageenan 27.49 0.000309
ZYo Carrageenan 21.49 0.000307
2% Carrageenan 27.49 0.000306 0.000307 0.000001
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Table A2. Raw data of 10 Pa-s Silicone oil measured at 22.97 oC.
Name Freq. 6 bob A.rg. 6 bob St. Dev 6 vane A.rg. 6 vane St. Dev



















































































































































Name Freq. G* bob A.rg. G* bob St. Dev Y vane A.rg. Y vane St. Dev
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Name Freq. Torque vane Avg. Torque vane St. Dev
(rad/s) (N-m) (N-m) (N-*)
10 Pas Silicone 0.63 0.000009
10 Pas Silicone 0.63 0.000008
10 Pas Silicone 0.63 0.000009 0.000009 0.000000
10 Pas Silicone 1.34 0.000019
10 Pas Silicone 1.34 0.000018
10 Pas Silicone 1.34 0.000018 0.000018 0.000001
10 Pas Silicone 2.04 0.000027
10 Pas Silicone 2.04 0.000027
10 Pas Silicone 2.04 0.000027 0.000027 0.000000
10 Pas Silicone 2.75 0.000038
10 Pas Silicone 2.75 0.000037
10 Pas Silicone 2.75 0.000037 0.000037 0.000000
10 Pas Silicone 3.46 0.000046
10 Pas Silicone 3.46 0.000046
10 Pas Silicone 3.46 0.000046 0.000046 0.000000
10 Pas Silicone 4.16 0.000056
10 Pas Silicone 4.16 0.000055
10 Pas Silicone 4.L6 0.000056 0.000056 0.000000
10 Pas Silicone 4.87 0.000066
10 Pas Silicone 4.87 0.000066
10 Pas Silicone 4.87 0.000065 0.000066 0.000001
10 Pas Silicone 5.58 0.000075
10 Pas Silicone 5.58 0.000074
10 Pas Silicone 5.58 0.000075 0.000075 0.000000
10 Pas Silicone 6.28 0.000086
L0 Pas Silicone 6.28 0.000086
10 Pas Silicone 6.28 0.000084 0.000085 0.000001
10 Pas Silicone 13.35 0.000180
10 Pas Silicone 13.35 0.000179
10 Pas Silicone 13.35 0.000180 0.000180 0.000000
10 Pas Silicone 20.42 0.000279
10 Pas Silicone 20.42 0.000280
10 Pas Silicone 20.42 0.000277 0.000279 0.000002
10 Pas Silicone 27.49 0.000375
10 Pas Silicone 27.49 0.000375
L0 Pas Silicone 27.49 0.000374 0.000375 0.000001
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Table A3. Raw data of L2.5 Pa-s Silicone oil measured at 23.39 oC.
Name Freq. 6 bob A.rg. 6 bob St. Dev 6 vane Avg. 6 vane St. Dev



















































































































































Name Freq. G* bob A.rg. G* bob St. Dev Y vane Arg. Y vane St. Dev
(rad/ s) (Pa) (Pa) (Pa) (rad) (Pa) (Pa)
12.5 Pas Silicone 0.63 7.61 0.001073
12.5 Pas Silicone 0.63 7.59 0.001199
12.5 Pas Silicone 0.63 7.64 7.6L 0.03 0.00LL77 0.001150 0.000067
12.5 Pas Silicone 1.34 16.L2 0.001185
12.5 Pas Silicone 1.34 16.10 0.001133
12.5 Pas Silicone 1.34 16.14 16.12 0.02 0.001119 0.001146 0.000035
12.5 Pas Silicone 2.04 24.66 0.001131
12.5 Pas Silicone 2.04 24.65 0.001138
12.5 Pas Silicone 2.04 24.71 24.67 0.03 0.001150 0.001140 0.000010
12.5 Pas Silicone 2.75 33.20 0.001146
12.5 Pas Silicone 2.75 33.18 0.001135
12.5 Pas Silicone 2.75 33.24 33.21 0.03 0.001130 0.001137 0.000008
12.5 Pas Silicone 3.46 4L.77 0.001145
12.5 Pas Silicone 3.46 4t.76 0.001136
12.5 Pas Silicone 3.46 41.80 41.78 0.02 0.001133 0.001138 0.000006
12.5 Pas Silicone 4.16 50.37 0.001136
12.5 Pas Silicone 4.t6 50.36 0.001136
12.5 Pas Silicone 4.16 50.45 50.39 0.05 0.001135 0.001136 0.000001
12.5 Pas Silicone 4.87 59.12 0.001138
12.5 Pas Silicone 4.87 59.12 0.001134
12.5 Pas Silicone 4.87 59.L7 59.14 0.03 0.001133 0.001135 0.000003
12.5 Pas Silicone 5.58 68.02 0.001129
12.5 Pas Silicone 5.58 68.00 0.001136
12.5 Pas Silicone 5.58 68.02 68.01 0.01 0.001137 0.001134 0.000004
12.5 Pas Silicone 6.28 76.88 0.001139
12.5 Pas Silicone 6.28 76.85 0.001136
12.5 Pas Silicone 6.28 76.92 76.88 0.04 0.001137 0.001137 0.000002
12.5 Pas Silicone 13.35 164.30 0.001130
12.5 Pas Silicone 13.35 164.30 0.001136
12.5 Pas Silicone 13.35 L64.40 164.33 0.06 0.001135 0.001134 0.000003
12.5 Pas Silicone 20.42 251.80 0.001142
12.5 Pas Silicone 20.42 251.80 0.001136
12.5 Pas Silicone 20.42 251.80 251.80 0.00 0.001136 0.001138 0.000003
12.5 Pas Silicone 27.49 338.80 0.001148
12.5 Pas Silicone 27.49 338.80 0.001143
12.5 Pas Silicone 27.49 338.60 338.73 0.12 0.001143 0.001145 0.000003
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Table A3. (Continue)
Name Freq. Torque vane A.rg. Torque vane St. Dev
(rad/ s) (N-m) (N-m) (N-m)
12.5 Pas Silicone 0.63 0.000008
12.5 Pas Silicone 0.63 0.000008
12.5 Pas Silicone 0.63 0.000008 0.000008 0.000000
12.5 Pas Silicone 1.34 0.000018
12.5 Pas Silicone 1.34 0.000017
12.5 Pas Silicone 1.34 0.000017 0.000017 0.000001
12.5 Pas Silicone 2.04 0.000026
12.5 Pas Silicone 2.04 0.000026
12.5 Pas Silicone 2.04 0.000026 0.000026 0.000000
12.5 Pas Silicone 2.75 0.000035
12.5 Pas Silicone 2.75 0.000035
12.5 Pas Silicone 2.75 0.000035 0.000035 0.000000
12.5 Pas Silicone 3.46 0.000044
12.5 Pas Silicone 3.46 0.000044
12.5 Pas Silicone 3.46 0.000044 0.000044 0.000000
12.5 Pas Silicone 4.16 0.000053
12.5 Pas Silicone 4.16 0.000053
12.5 Pas Silicone 4.L6 0.000053 0.000053 0.000000
12.5 Pas Silicone 4.87 0.000062
12.5 Pas Silicone 4.87 0.000063
12.5 Pas Silicone 4.87 0.000063 0.000063 0.000000
12.5 Pas Silicone 5.58 0.000071
12.5 Pas Silicone 5.58 0.000072
12.5 Pas Silicone 5.58 0.000072 0.000072 0.000000
12.5 Pas Silicone 6.28 0.000082
12.5 Pas Silicone 6.28 0.000081
12.5 Pas Silicone 6.28 0.000081 0.000081 0.000000
12.5 Pas Silicone 13.35 0.000173
12.5 Pas Silicone 13,35 0.000174
12.5 Pas Silicone 13.35 0.000173 0.000173 0.000000
12.5 Pas Silicone 20.42 0.000267
12.5 Pas Silicone 20.42 0.000266
12.5 Pas Silicone 20.42 0.000266 0.000266 0.000001
12.5 Pas Silicone 27.49 0.000359
12.5 Pas Silicone 27.49 0.000360
12.5 Pas Silicone 27.49 0.000359 0.000359 0.000000
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Table A4. Raw data of 2% Guar gum measured at 22.55 "C.
Name Freq. 6 bob Aog. 6 bob St. Dev 6 vane A.rg. 6 vane St. Dev
(rad/s) () () () f) f) f)
ZYo G:uar Gum 0.63 4L.67 40.90
2%o Grs,ar Gum 0.63 4L.65 40.89
2Y, Guar Gum 0.63 4L.49 41.60 0.10 40.79 40.86 0.06
2%o Gluar Gum L.34 35.26 34.88
ZYo Guar Gum 1.34 35.26 34.57
ZYo Guar Gum 1.34 35.47 35.33 O.l2 34.69 34.7L 0.16
ZYo Guar Gum 2.04 31.94 31.56
ZYo Gu,ar Gum 2.04 31.94 31.27
2%, Gu,ar Gum 2.04 32.13 32.00 0.11 31.36 31.40 0.15
2%o Guar Gum 2.75 29.80 29.40
2%o Guar Gum 2.75 29.79 29.16
ZYo Grar Gum 2.75 29.98 29.86 0.11 29.20 29.25 0.13
2%o Gu,ar Gum 3.46 28.18 27.79
2Yo Grs,ar Gum 3.46 28.18 27.52
2o/o Guar Gum 3.46 28.35 28.24 0. L0 27 .65 27 .65 0.14
2%o Gtar Gum 4.L6 26.95 26.54
2%o Gtar Gum 4.16 26-96 26.32
ZYo Gu,ar Gum 4.16 27.13 27.01 0.10 26.36 26.4L O.l2
2%o Guar Gum 4.87 26.0L 25.57
2%o Guar Gum 4.87 26.01 25.36
2Yo Guar Gum 4.87 26.L7 26.06 0.09 25.40 25.44 0.11
LYo Guar Gum 5.58 25.22 24.76
ZYo Guar Gum 5.58 25.22 24.55
ZYo Gu,ar Gum 5.58 25.38 25.27 0.09 24.59 24.63 0.11
ZYo Guar Gum 6.28 24.54 24.07
2o/o Gtar Gum 6.28 24.54 23.84
ZYo Guar Gum 6.28 24.69 24.59 0.09 23.92 23.94 0.12
2o/o Guar Gum 13.35 20.81 19.96
ZYo Guar Gum 13.35 20.80 19.80
2%o Guar Gum 13.35 20.93 20.85 0.07 19.85 19.87 0.08
ZYo Guar Gum 20.42 18.90 17.53
ZYo Gu,ar Gum 20.42 18.89 17.42
2To Guar Gum 20.42 19.01 18.93 0.07 t7.48 L7.48 0.06
2%, Gu.ar Gum 27.49 17.58 15.66
2o/o Guar Gum 27.49 17.59 15.58
2%o G:uar Gum 27.49 17.67 17.6L 0.05 15.54 15.59 0.06
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Tahle A4. (Continue)
Name Freq. G* bob A.rg. G* bob St. Dev Y vane A.rg. Y vane St. Dev
(rad/ s) (Pa) (Pa) (Pa) (rad) (Pa) (Pa)
ZYo Gluar Gum 0.63 66.34 0.001267
2o/o Gu,ar Gum 0.63 65.73 0.001351
ZYo Gu,ar Gum 0.63 63.76 65.28 1.35 0.00t269 0.001296 0.000048
ZYo Guar Gum t.34 90.22 0.001307
ZYo Guar Gum 1.34 89.47 0.001306
Z%oG:uar Gum 1.34 86.95 88.88 1.71 0.001305 0.001306 0.000001
2%o Guar Gum 2.04 105.20 0.001307
2%o Guar Gum 2.04 104.40 0.001306
Zo/oG:uar Gum 2.O4 101.60 103.73 L.89 0.001306 0.001306 0.000001
ZYo G:uar Gum 2.75 116.00 0.001306
ZYo Grar Gum 2.75 115.10 0.001304
ZYoGuar Gum 2.75 112.00 LL4.37 2.10 0.001305 0.001305 0.000001
ZYo Guar Gum 3.46 124.30 0.001307
2Y, Guar Gum 3.46 123.40 0.001306
ZYo Guar Gum 3.46 120.20 L22.63 2.15 0.001309 0.001307 0.000002
ZYo Gluar Gum 4.16 131.10 0.001310
2%o Guar Gum 4.76 130.20 0.001309
2%o Guar Gum 4.16 126.80 129.37 2.27 0.001315 0.001311 0.000003
2o/o Gluar Gum 4.87 137.40 0.001312
2%o Grar Gum 4.87 136.40 0.001313
ZYo Gtar Gum 4.87 133.00 135.60 2.31 0.001318 0.001314 0.000003
ZYo Grar Gum 5.58 143.10 0.001317
2%o Guar Gum 5.58 l42.to 0.001318
2Yo Gtar Gum 5.58 138.50 141.23 2.42 0.001364 0.001333 0.000027
2Yo Guar Gum 6.28 148.10 0.001363
2%o Grl.ar Gum 6.28 L47.lO 0.001362
2%o Guar Gum 6.28 L43.40 146.20 2.48 0.001364 0.001363 0.000001
ZYo Grar Gum 13.35 178.10 0.001405
ZYo Guar Gum 13.35 176.90 0.001402
ZYoGuar Gum 13.35 L72.70 175.90 2.84 0.001398 0.001402 0.000004
2Yo Gluar Gum 20.42 196.00 0.001538
2o/o Gluar Gum 20.42 194.80 0.001529
ZYo Gtar Gum 20.42 190.30 193.70 3.00 0.001529 0.001532 0.000005
ZYo G,aar Gum 27.49 209.50 0.001736
ZYo Guar Gum 27 .49 208.50 0.001729
2% Guar Gum 27.49 203.80 207.27 3.04 0.001731 0.001732 0.000004
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Table 44. (Continue)
Name Freq. Torque vane A.rg. Torque vane St. Dev
(rad/s) (N-m) (N-rn) (N-m)
2%o Guat Gum 0.63 0.000081
ZYo Guar Gum 0.63 0.000090
2Y, Gtar Gum 0.63 0.000084 0.000085 0.000004
ZYo Gttar Gum t.34 0.000113
2%o G:uar Gum t.34 0.000117
2Yo Gtar Gum 1.34 0.000117 0.000116 0.000002
2%o Guar Gum 2.04 0.000132
2Y, Guar Gum 2.04 0.000136
2Y, Guar Gum 2.04 0.000136 0.000135 0.000003
ZYo Guar Gum 2.75 0.000145
2%o Guar Gum 2.75 0.000150
ZYo Guar Gum 2.75 0.000150 0.000148 0.000003
ZYo Gu,ar Gum 3.46 0.000155
ZYo G:uar Gum 3.46 0.000160
2%o Guar Gum 3.46 0.000160 0.000159 0.000003
2o/o Guar Gum 4.L6 0.000164
2Yo Grar Gum 4.L6 0.000169
2%o Guar Gum 4.16 0.000169 0.000167 0.000003
2Yo Guar Gum 4.87 0.000172
ZYo Guar Gum 4.87 0.000177
2%o Guar Gum 4.87 0.000178 0.000175 0.000003
ZYo Guar Gum 5.58 0.000179
2%o Gu,ar Gum 5.58 0.000184
2o/o Guar Gum 5.58 0.000191 0.000185 0.000006
2%o Guar Gum 6.28 0.000191
ZYo Guar Gum 6.28 0.000197
ZYo Guar Gum 6.28 0.000197 0.000195 0.000004
2Yo Gu,ar Gum 13.35 0.000227
2Y, Guar Gum 13.35 0.000234
2o/o Guay Gum 13.35 0.000234 0.000232 0.000004
ZYo Grar Gum 20.42 0.000258
2%o Guar Gum 20.42 0.000265
2%o Guar Gum 20.42 0.000265 0.000263 0.000004
ZYo Guar Gum 27.49 0.000287
ZYo Guar Gum 27.49 0.000294
2Y, Guar Gum 27.49 0.000295 0.000292 0.000004
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Table A5. Raw data of 3.5Yo K4M Methylcellulose measured at 21.53 "C.
Name Freq. 6 bob Aog. 6 bob St. Dev 5 vane A.rg. 6 vane St. Dev



















































































































































Name Freq. G* bob A.rg. G* bob St. Dev Y vane A.rg. Y vane St. Dev
(rad/ s) (Pa) (Pa) (Pa) (rad) (Pa) (?pL
3.5% K4M 0.63 8.79 0.004062
3.5% K4M 0.63 9.23 0.004137
3.5% K4M 0.63 9.92 9.31 0.57 0.004068 0.004089 0.000042
35% K4M 1.34 16.59 0.004074
3.5% K4M r.34 t7 .3t 0.004077
3.5% K4M 1.34 18.78 L7.56 1.12 0.004082 0.004078 0.000004
3.5% K4M 2.04 23.55 0.004087
3.5% K4M 2.04 24.52 0.004095
3.5% K4M 2.04 26.57 24.88 1.54 0.004090 0.004091 0.000004
3.5% K4M 2.75 29.86 0.004096
3.5% K4M 2.75 30.94 0.004093
3.5% K4M 2.75 33.64 31.48 1.95 0.004098 0.004096 0.000003
3.5% K4M 3.46 35.66 0.004106
3.5% K4M 3.46 37.05 0.004105
3.5% K4M 3.46 40.L4 37.62 2.29 0.O04ttt 0.004107 0.000003
3.5% K4M 4.t6 4t.17 0.004121
3.5% K4M 4.L6 42.73 0.004125
3.5% K4M 4.L6 46.19 43.36 2.57 0.00 4L24 0.004123 0.000002
3.5% K4M 4.87 46.38 0.004136
3.5% K4M 4.87 48.12 0.004139
3.5% K4M 4.87 52.06 48.85 2.91 0.004136 0.004137 0.000002
3.5%K4M 5.58 51.48 0.004197
3.5% K4M 5.58 53.32 0.004191
3.5% K4M 5.58 57 .7t 54.t7 3.20 0.00 4L9t 0.004193 0.000003
3.5% K4M 6.28 56.4L 0.004211
3.5% K4M 6.28 58.36 0.004204
3.5% K4M 6.28 63.14 59.30 3.46 0.00 4204 0.004206 0.000004
3.5% K4M 13.35 96.t2 0.004399
3.5%K4M 13.35 99.19 0.004386
3.5% K4M 13.35 106.80 100.70 5.50 0.004379 0.004388 0.000010
3.5% K4M 20.42 t27.30 0.004735
3.5% K4M 20.42 131.30 0.004698
3.5% K4M 20.42 141.10 133.23 7.10 0.004697 0.004710 0.000022
3.5% K4M 27.49 153.90 0.005174
3.5% K4M 27.49 158.40 0.005117
3.5% K4M 27.49 170.10 160.80 8.36 0.005113 0.005135 0.000034
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Table A5. (Continue)
Name Freq. Torque vane
(rad/ s) (N-m)



























































































































Table A5. Raw data of L.5%o Guar gum measured at 10.21 oC.
Name Freq. 5 bob A.rg. 6 bob St. Dev 5 vane Arg. 6 vane St. Dev
(rad/s) f) f) f) f) () o
L.5% Guar Gum 0.63 44.85 44.52
1.5% Guar Gum 0.63 44.96 44.63
1.5% Guar Gum 0.63 45.03 44.95 0.09 44.21 44.45 0.22
t.5% Guar Gum 1.34 38.21 37.89
L.5% Guar Gum 1.34 38.50 37.88
1.5% Guar Gum 1.34 38.55 38.42 0.18 37 .78 37.8b 0.06
1.5% Guar Gum 2.04 34.76 34.41
1.5% Guar Gum 2.04 35.03 34.39
1.5% Guar Gum 2.04 35.07 34.95 0.17 34.31 34.37 0.05
1.5% Guar Gum 2.75 32.52 32.13
1.5% Guar Gum 2.75 32.76 32.L7
L.5% Guar Gum 2.75 32.80 32.69 0.15 32.02 32.11 0.08
1.5% Guar Gum 3.46 30.82 30.38
1.5% Guar Gum 3.46 31.04 30.38
1.5% Guar Gum 3.46 31.09 30.98 0.14 30.32 30.36 0.03
1.5% Guar Gum 4.16 29.54 29.04
1.5% Guar Gum 4.LG 29.76 29.06
1.5% Guar Gum 4.L6 29.78 29.69 0.13 28.96 29.02 0.05
1.5% Guar Gum 4.87 28.53 27 .98
1.5% Guar Gum 4.87 28.74 27.99
L.5% Guar Gum 4.87 28.74 28.67 O.LZ 27.91 27.96 0.04
1.5% Guar Gum 5.58 27.69 27.08
L.5% Guar Gum 5.58 27.89 27.08
1.5% Guar Gum 5.58 27 .89 27.82 0.L2 27.0L 27 .06 0.04
1.5% Guar Gum 6.28 26.98 26.31
1.5% Guar Gum 6.28 27 .L6 26.25
1.5% Guar Gum 6.28 27.17 27 .10 0.11 26.26 26.27 0.03
I.5% Guar Gum 13.35 22.87 21.38
1.5% Guar Gum 13.35 23.01 21.37
L.5% Guar Gum 13.35 23.01 22.96 0.08 2L.37 21.37 0.01
1.5% Guar Gum 20.42 20.65 18.19
1.5% Guar Gum 20.42 20.78 18.20
1.5% Guar Gum 20.42 20.77 20.73 0.07 18.23 18.21 0.02
1.5% Guar Gum 27.49 19.05 15.58
7.5% Guar Gum 27.49 19.13 15.61
t.5% Guar Gum 27.49 19.14 19.11 0.05 15.65 15.61 0.04
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Table A6. (Continue)
Name Freq. G* bob Avg. G* bob St. Dev Y vane A.rg. Y vane St. Dev
(rad/ s) (Pa) (Pa) (Pa) (rad) (Pa) (Pa)
1.5% Guar Gum 0.63 30.57 0.001624
7.5% Guar Gum 0.63 29.22 0.001662
t.5% Guar Gum 0.63 29.40 29.73 0.73 0.001629 0.001638 0.000021
L.5% Guar Gum L.34 42.66 0.001639
L5% Guar Gum 1.34 40.90 0.001636
L.5% Guar Gum 1.34 41.19 41.58 0.94 0.001634 0.001636 0.000003
1.5% Guar Gum 2.04 50.43 0.001634
L.5% Guar Gum 2.04 48.44 0.001638
1..5% Guar Gum 2.04 48.75 49.21 1.07 0.001632 0.001635 0.000003
1.5% Guar Gum 2.75 56.07 0.001640
l.5o/o Guar Gum 2.75 53.91 0.001640
L.5% Guar Gum 2.75 54.26 54.75 1.16 0.001639 0.001640 0.000001
1.5% Guar Gum 3.46 60.50 0.001649
t.5% Guar Gum 3.46 58.23 0.001647
7.5% Guar Gum 3.46 58.61 59.11 1.22 0.00t646 0.001647 0.000002
1.5% Guar Gum 4.16 64.18 0.001660
15% Guar Gum 4.L6 61.82 0.001656
1.5% Guar Gum 4.L6 62.19 62.73 1.27 0.001656 0.001657 0.000002
L.5% Guar Gum 4.87 67.57 0.001669
L.5% Guar Gum 4.87 65.13 0.001665
L.5% Guar Gum 4.87 65.48 66.06 1.32 0.00L667 0.001667 0.000002
15% Guar Gum 5.58 70.63 0.001680
L.5% Guar Gum 5.58 68.10 0.001675
1.5% Guar Gum 5.58 68.47 69.07 1.37 0.001679 0.001678 0.000003
1.5% Guar Gum 6.28 73.37 0.001692
L.5% Guar Gum 6.28 70.78 0.001689
t.5% Guar Gum 6.28 71.15 7L.77 1.40 0.001691 0.001691 0.000002
1.5% Guar Gum 13.35 90.34 0.001889
1.5% Guar Gum 13.35 87.33 0.001887
L5% Guar Gum 13.35 87.84 88.50 1.61 0.001882 0.001886 0.000004
1.5% Guar Gum 20.42 101.10 0.002258
15% Guar Gum 20.42 97.97 0.002245
L.5% Guar Gum 20.42 98.58 99.22 1.66 0.002239 0.002247 0.000010
L.5% Guar Gum 27.49 110.00 0.002891
1.5% Guar Gum 27 .49 106.60 0.002865
1.5% Guar Gum 27 .49 t07 .20 107.93 1.81 0.002851 0.002869 0.000020
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Table A6. (Continue)































































































































Table A7. Raw data of Z%Xanthan gummeasured at 11.20 "C.
Name Freq. 6 bob Avg. 6 bob St. Dev 6 vane A.rg. 5 vane St. Dev

















































































































































Name Freq. 6 bob Avg. 6 bob St. Dev 6 vane A.rg. 6 vane St. Dev
(rad/ s) () () () () () 0
z.O%Xanthan 20.42 15.18
2.O% Xanthan 20.42 15.78
2.0% Xanthan 20,42 15.48 t5.57 0.30 14.84 14.42 0.32
2.0% Xanthan 27 .49 15.27
2$% Xanthan 27 .49 14.66






2.0% Xanthan 27 .49 14.90 15.02 0.29 12.20 12.48 0.24
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Table A7. (Continue)
Name Freq. G* bob Avg. G* bob St. Dev Y vane Arzg. Y vane St. Dev

















































































































































Name Freq. G* bob A.rg. G* bob St. Dev Y vane A.rg.Y vane St. Dev
ftad/il @a) (Pa) (Pa) (rad) (Pa) (Pa)
z.O%Xanthan 20.42 42.28 42.26 0.77 0.021570 0.014528 0.004696
2.0% Xanthan 20.42 43.33
2.0% Xanthan 20.42 4L.62
2.0% Xanthan 27 .49 46.28
2.0% Xanthan 2l .49 47 .84






z.O%Xanthan 27.49 46.75 46.74 0.78 0.019100 0.021530 0.001663
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Table A7. (Continue)
Name Freq. Torque vane A.rg. Torque vane St. Dev








































































































































Name Freq. Torque vane Aog. Torque vane St. Dev
(rad/s) (N-m) (N-m) (N-m)
2.0% Xanthan 20.42 0.000324
2.0% Xanthan 20.42 0.000323
2.0% Xanthan 20.42 0.000205 0.000293 0.000059
2.0% Xanthan 27 .49 0.000397
2.0% Xanthan 27 .49 0.000399
2.O% Xanthan 27 .49 0.000399
2.0% Xanthan 27 .49 0.000284 0.000370 0.000057
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Table A8. Raw data of Alfredo cheese sauce measured at 22.00 "C.
























































































































































































Name Freq G* Bob Avg. G* bob St. Dev G* Vane Avg. G* vane St. Dev
(rad/ s) (Pa) (Pa) (Pa) (Pa) (Pa) (Ps)
Alfredo 0.63 82.98 73.46
Alfredo 0.63 81.88 75.24
Alfredo 0.63 81.87 82.24 0.638 75.50 74.73 1.tL2
Alfredo 1.34 91.82 83.61
Alfredo 1.34 91.24 83.50
Alfredo L.34 90.58 91.2L 0.620 83.11 83.41 0.266
Alfredo 2.04 97.34 88.75
Alfredo 2.04 96.85 88.37
Alfredo 2.04 96.04 96.74 0.657 87.90 88.34 0.425
Alfredo 2.75 10L.2 92.18
Alfredo 2.75 100.7 9t.7L
Alfredo 2.75 99.84 100.58 0.688 91.30 91.73 0.439
Alfredo 3.46 104.1 94.58
Alfredo 3.46 103.6 94.28
Alfredo 3.46 103.1 103.60 0.500 93.86 94.24 0.361
Alfredo 4.t6 106.2 96.35
Alfredo 4.16 106.1 96.21
Alfredo 4.16 105.9 106.07 0.153 95.85 96.13 0.259
Alfredo 4.87 108.1 97.82
Alfredo 4.87 108.5 98.16
Alfredo 4.87 108.1 108.23 0.231 97.56 97.85 0.301
Alfredo 5.58 110.4 99.55
Alfredo 5.58 110.6 99.75
Alfredo 5.58 110.1 110.37 0.252 99.22 99.51 0.264
Alfredo 6.28 112.5 101.03
Alfredo 6.28 7L2.7 101.19
Alfredo 6.28 112.1 112.43 0.306 100.75 100.99 0.221
Alfredo 13.35 124 104.91
Alfredo 13.35 123.8 104.83
Alfredo 13.35 122.8 123.53 0.643 LO4.5L 104.75 0.213
Alfredo 20.42 131.9 100.57
Alfredo 20.42 L32.2 101.62
Alfredo 20.42 131.6 131.90 0.300 100.60 100.93 0.597
Alfredo 27.49 138.5 91.88
Alfredo 27.49 139.5 92.22
Alfredo 27.49 139.6 139.20 0.608 91.16 9L.75 0.544
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Table A8. (Continue)
Name Freq G' Bob A.rg. G' bob St. Dev G'Vane Avg G' vane Std. Dev
(rad/ s) (Pa) (Pa) (Pa) (Pa) (Pa) (Pa)
Alfredo 0.63 80.99 71.73
Alfredo 0.63 79.78 73.42
Alfredo 0.63 79j9 80.19 0.696 73.8t 72.99 1.103
Alfredo L.34 89.96 81.97
Alfredo 1.34 89.35 81.92
Alfredo 1.34 88.69 89.33 0.635 81.54 81.81 0.236
Alfredo 2.04 95.47 87.L2
Alfredo 2.04 94.96 86.80
Alfredo 2.04 94.15 94.86 0.666 86.33 86.75 0.398
Alfredo 2.75 99.27 90.51
Alfredo 2.75 98.75 90.11
Alfredo 2.75 97.91 98.64 0.686 89.70 90.10 0.406
Alfredo 3.46 102.20 92.92
Alfredo 3.46 101.70 92.66
Alfredo 3.46 101.20 101.70 0.500 92.22 92.60 0.353
Alfredo 4.L6 LO4.2O 94.66
Alfredo 4.16 104.10 94,57
Alfredo 4.t6 103.90 L04.07 0.153 94.20 94.48 0.244
Alfredo 4.87 106.10 96.10
Alfredo 4.87 106.40 96.47
Alfredo 4.87 106.00 106.17 0.208 95.87 96.15 0.308
Alfredo 5.58 108.30 97.78
Alfredo 5.58 108.50 98.03
Alfredo 5.58 108.00 108.27 0.252 97.49 97.76 0.269
Alfredo 6.28 110.30 99.22
Alfredo 6.28 110.50 99.43
Alfredo 6.28 l-09.90 110.23 0.306 98.97 99.21 0.229
Alfredo 13.35 LZl.40 102.89
Alfredo 13.35 Lzl.lo 102.88
Alfredo 13.35 120.10 L20.87 0.681 102.53 102.77 0.204
Alfredo 20.42 128.90 98.68
Alfredo 20.42 129.10 99.76
Alfredo 20.42 128.50 128.83 0.306 98.73 99.06 0.608
Alfredo 27.49 135.20 90.28
Alfredo 27.49 136.10 90.65
Alfredo 27.49 136.20 135.83 0.551 89.58 90.17 0.542
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Table A8. (Continue)
Name Freq G" Bob A.rg. G'bob St. Dev G" Vane A.rg. G" vane St. Dev
(rad/ s) (Pa) (Pa) (Pa) (Pa) (Pa) (Pa)
Alfredo 0.63 18.10 15.81
Alfredo 0.63 18.40 16.45
Alfredo 0.63 18.30 t8.27 0.153 15.88 16.05 0.352
Alfredo 1.34 18.40 16.47
Alfredo 1.34 18.50 16.19
Alfredo 1.34 18.40 18.43 0.058 16.06 L6.24 0.210
Alfredo 2.O4 19.00 16.92
Alfredo 2.04 19.00 16.60
Alfredo 2.04 19.00 19.00 0.000 16.55 16.69 0.201
Alfredo 2.75 19.60 17.45
Alfredo 2.75 19.60 L7.07
Alfredo 2.75 19.50 19.57 0.058 17.01 17.18 0.234
Alfredo 3.46 20.00 L7.66
Alfredo 3.46 20.00 L7.41
Alfredo 3.46 20.00 20.00 0.000 17.47 17.51 0.t29
Alfredo 4.L6 20.30 17.97
Alfredo 4.16 20.40 17.66
Alfredo 4.16 20.50 20.40 0.100 L7.70 17.78 0.169
Alfredo 4.87 20.80 18.28
Alfredo 4.87 21.00 18.11
Alfredo 4.87 21.00 20.93 0.115 18.10 18.16 0.102
Alfredo 5.58 21.30 t8.67
Alfredo 5.58 2t.50 18.45
Alfredo 5.58 21.50 2L.43 0.115 18.47 18.53 O.LZI
Alfredo 6,28 21.80 L9.Oz
Alfredo 6.28 22.00 18.80
Alfredo 6.28 22.00 21.93 0.115 18.86 18.89 0.110
Alfredo 13.35 25.60 20.47
Alfredo 13.35 25.60 20.11
Alfredo 13.35 25.40 25.53 0.115 20.2L 20.26 0.184
Alfredo 20.42 28.20 19.40
Alfredo 20.42 28.30 19.36
Alfredo 20.42 28.20 28.23 0.058 19.30 19.35 0.049
Alfredo 27.49 30.30 17.11
Alfredo 27.49 30.30 16.96
Alfredo 27.49 30.50 30.37 0.115 16.88 16.98 0.115
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Table A9. Raw data of barbeque sauce measured at 22.38 oC.
Name Frequency
(rad/ s)
6 Bob Arg. 6 bob
(,) (,)
St. Dev 6 Vane Avg. 6 vane St. Dev























































































































































































Name Freq G* Bob Arig. G* bob St. Dev G* Vane A.rg. G* vane St. Dev
(rad/ s) (Pa) (Pa) (Pa) (Pa) (Pa) (Pa)
Barbeque 0.63 146.80 177.86
Barbeque 0.63 150.70 179.09
Barbeque 0.63 153.90 L50.47 3.556 L76.75 177.90 1.L71
Barbeque 1.34 169.20 197.80
Barbeque 1.34 172.20 201.86
Barbeque 1.34 176.60 172.67 3.722 197.50 199.05 2.434
Barbeque 2.04 183.10 2t2.58
Barbeque 2.04 186.80 217.70
Barheque 2.04 191.10 187.00 4.004 2L2.45 2L4.25 2.995
Barbeque 2.75 193.80 223.47
Barbeque 2.75 L97.40 229.69
Barbeque 2.75 201.80 197.67 4.007 223.6L 225.59 3.552
Barbeque 3.46 202.20 232.78
Barbeque 3.46 205.50 239.58
Barbeque 3.46 210.00 205.90 3.915 232.80 235.05 3.923
Barbeque 4.t6 209.20 240.52
Barbeque 4.LG 212.20 247.85
Barbeque 4.16 216.60 212.67 3.722 240.47 242.94 4.249
Barbeque 4.87 216.10 247.86
Barbeque 4.87 219.60 255.36
Barbeque 4.87 224.00 219.90 3.959 247.92 250.38 4.3L2
Barbeque 5.58 222.70 253.91
Barbeque 5.58 226.40 261.60
Barbeque 5.58 230.90 226.67 4.106 254.t9 256.57 4.364
Barbeque 6.28 228.90 260.16
Barbeque 6.28 232.80 268.40
Barbeque 6.28 237.20 232.97 4.L53 260.24 262.93 4.737
Barbeque 13.35 265.90 294.16
Barbeque 13.35 270.30 304.32
Barbeque 13.35 275.60 270.60 4.857 293.63 297.37 6.025
Barbeque 20.42 292.70 310.86
Barbeque 20.42 297.50 321.86
Barbeque 20.42 302.80 297.67 5.052 310.52 3L4.41 6.454
Barbeque 27.49 3L4.40 317.55
Barbeque 27.49 319.20 327.78
Barbeque 27.49 324.70 319.43 5.154 3L7.54 320.96 5.909
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Table A9. (Continue)
Name Freq G' Bob Arrg. G' bob St. Dev G'Vane A.rg G' vane St. Dev
(rad/ s) (Pa) (Pa) (Po) (Pa) (Pa) (Pa)
Barbeque 0.63 139.60 170.84
Barbeque 0.63 143.40 171.91
Barbeque 0.63 146.30 143.10 3.360 L69.47 170.74 1.223
Barbeque 1.34 162.10 190.19
Barbeque 1.34 165.00 194.05
Barbeque 1.34 169.10 165.40 3.517 189.87 191.37 2.327
Barbeque 2.04 175.20 204.L3
Barbeque 2.04 178.70 209.03
Barbeque 2.04 182.80 178.90 3.804 203.99 205.71 2.870
Barbeque 2.75 185.10 214.24
Barbeque 2.75 188.60 220J6
Barbeque 2.75 192.80 188.83 3.855 214.33 2t6.24 3.395
Barbeque 3.46 192.80 222.83
Barbeque 3.46 196.00 229.32
Barbeque 3.46 200.20 196.33 3.711 222.84 225.00 3.745
Barbeque 4.16 199.10 230.03
Barbeque 4.16 202.00 236.98
Barbeque 4.16 206.10 202.40 3.517 229.96 232.32 4.034
Barbeque 4.87 205.40 236.70
Barbeque 4.87 208.80 243.79
Barbeque 4.87 212-90 209.03 3.755 236.73 239.08 4.087
Barbeque 5.58 2LL.50 242.06
Barbeque 5.58 215.00 249.32
Barbeque 5.58 2L9.20 215.23 3.855 242.33 244.57 4.113
Barbeque 6.28 2l7.LO 247.73
Barbeque 6.28 220.80 255.54
Barbeque 6.28 225.00 220.97 3.953 247.8L 250.36 4.486
Barbeque 13.35 249.70 277.80
Barbeque 18.35 253.90 287.33
Barbeque 13.35 258.90 254.L7 4.606 277.30 280.81 5.649
Barbeque 20.42 273.50 292.70
Barbeque 20.42 278.tO 302.97
Barbeque 20.42 283.10 278.23 4.801 292.40 296.02 6.017
Barbeque 27.49 292.90 298.89
Barbeque 27.49 297.40 308.40
Barbeque 27.49 302.50 297.60 4.803 298.88 302.06 5.494
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Table A9. (Continue)
Name Freq G" Bob A.rg. G" bob St. Dev G" Vane A-rg. G'vane St. Dev
(rad/ s) (Pa) (Pa) (Pa) (Pa) (Pa) (Pa)
Barbeque 0.63 45.30 49.50
Barbeque 0.63 46.30 50.20
Barbeque 0.63 47.70 46.43 1.206 50.20 49.97 0.403
Barbeque 1.34 48.70 54.36
Barbeque L.34 49.50 55.61
Barbeque 1.34 51.00 49.73 1.168 54.37 54.78 0.717
Barbeque 2.04 53.20 59.34
Barbeque 2.04 54.20 60.85
Barbeque 2.04 55.70 54.37 1.258 59.38 59.86 0.858
Barbeque 2.75 57.30 63.58
Barbeque 2.75 58.30 65.47
Barbeque 2.75 59.80 58.47 1.258 63.73 64.26 1.047
Barbeque 3.46 60.80 67.32
Barbeque 3.46 61.70 69.37
Barbeque 3.46 63.30 61.93 1.266 67.36 68.02 1.t70
Barbeque 4.L6 64.20 70.24
Barbeque 4.16 65.10 72.59
Barbeque 4.16 66.80 65.37 1.320 70.31 71.04 1.337
Barbeque 4.87 67.10 73.54
Barbeque 4.87 68.10 75.98
Barbeque 4.87 69.70 68.30 1.311 73.64 74.39 1.379
Barbeque 5.58 69.90 76.65
Barbeque 5.58 71.10 79.23
Barbeque 5.58 72.60 71.20 1.353 76.73 77.54 1.468
Barbeque 6.28 72.60 79.44
Barbeque 6.28 73.70 82.09
Barbeque 6.28 75.30 73.87 1.358 79.47 80.33 1.524
Barbeque 13.35 91.30 96.74
Barbeque 13.35 92.60 100.28
Barbeque 13.35 94.40 92.77 1.557 96.57 97.86 2.097
Barbeque 20.42 104.00 104.69
Barbeque 20.42 106.00 108.66
Barbeque 20.42 108.00 106.00 2.000 t04.52 105.96 2.342
Barbeque 27.49 114.00 L07.25
Barbeque 27.49 116.00 111.03
Barbeoue 27.49 118.00 116.00 2.000 107.25 108.51 2.L82
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Table A10. Raw data of caramel syrup measured at 21.76 "C.
























































































































































































Name Freq G* Bob A.rg. G* bob St. Dev G* Vane A.rg. G* vane St. Dev
(rad/ s) (Pa) (Pa) (Pa) (Pa) (Pa) (P")
Caramel 0.63 3.26 3.34
Caramel 0.63 3.49 3.54
Caramel 0.63 3.27 3.34 0.135 3.42 3.43 0.104
Caramel 1.34 5.94 6.04
Caramel 1.34 6.17 6.20
Caramel 1.34 5.87 6.00 0.159 6.08 6.11 0.088
Caramel 2.04 8.39 8.50
Caramel 2.O4 8.41 8.65
Caramel 2.04 8.29 8.36 0.067 8.53 8.56 0.080
Caramel 2.75 10.68 10.81
Caramel 2.75 10.74 10.94
Caramel 2.75 10.46 10.63 0.t47 10.78 10.84 0.083
Caramel 3.46 12.87 13.01
Caramel 3.46 12.83 L3.17
Caramel 3.46 12.74 12.81 0.067 12.95 13.04 0.114
Caramel 4.LG 14.98 15.11
Caramel 4.16 15.01 15.28
Caramel 4.L6 14.89 14.96 0.062 15.12 15.17 0.093
Caramel 4.87 17.08 L7.L7
Caramel 4.87 17.12 17.33
Caramel 4.87 16.81 17.00 0.169 l7.ll L7.20 0.111
Caramel 5.58 19.15 19.18
Caramel 5.58 19.20 19.35
Caramel 5.58 19.04 19.13 0.082 19.11 19.21 0.L22
Caramel 6.28 2t.L8 zl.LB
Caramel 6.28 21.L7 21.35
Caramel 6.28 21.05 21.13 0.072 21.10 21.21 0.128
Caramel 1-3.35 39.64 38.79
Caramel 13.35 39.37 38.83
Caramel 13.35 39.34 39.45 0.165 38.59 38.74 0.132
Caramel 20.42 56.54 55.22
Caramel 20.42 56.33 55.29
Caramel 20.42 56.26 56.38 0.146 55.03 55.18 0.133
Caramel 27.49 72.59 72.58
Caramel 27.49 72.44 72.52
Caramel 27.49 72.38 72.47 0.108 72.25 72.45 0.175
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Table A10. (Continue)
Name Freq G' Bob A.rg. G' bob St. Dev G'Vane A.rg G' vane St. Dev























































































































































































Name Freq G'' Bob A.rg. G'bob St. Dev G" Vane A.rg. G" vane St. Dev
(rad/ s) (Pa) (Pa) (Pq,) (Pa) (Pa) (Pa)
Caramel 0.63 3.10 3.18
Caramel 0.63 3.36 3.36
Caramel 0.63 3.18 3.21 0.133 3.27 3.27 0.087
Caramel 1.34 5.68 5.76
Caramel 7.34 5.89 5.89
Caramel 1.34 5.63 5.73 0.138 5.78 5.81 0.070
Caramel 2.04 8.04 8.12
Caramel 2.O4 8.06 8.22
Caramel 2.04 7.96 8.02 0.053 8.11 8.15 0.058
Caramel 2.75 10.20 10.31
Caramel 2.75 10.30 10.38
Caramel 2.75 10.00 10.17 0.153 L0.25 10.31 0.064
Caramel 3.46 12.30 12.38
Caramel 3.46 12.30 L2.5L
Caramel 3.46 12.30 12.30 0.000 t2.3L 12.40 0.097
Caramel 4.16 14.30 14.35
Caramel 4.16 14.40 14.44
Caramel 4.16 14.30 14.33 0.058 14.33 74.37 0.062
Caramel 4.87 16.40 L6.27
Caramel 4.87 16.40 16.36
Caramel 4.87 16.10 16.30 0.173 16.18 16.27 0.089
Caramel 5.58 18.30 18.14
Caramel 5.58 18.40 18.23
Caramel 5.58 18.30 18.33 0.058 18.03 18.13 0.098
Caramel 6.28 20.30 19.98
Caramel 6.28 20.30 20.09
Caramel 6.28 20.20 20.27 0.058 19.88 19.98 0.104
Caramel 13.35 37.80 35.56
Caramel 13.35 37.60 35.50
Caramel 13.35 37.60 37.67 0.115 35.32 35.46 0.126
Caramel 20.42 53.70 48.72
Caramel 20.42 53.50 48.65
Caramel 20.42 53.50 53.57 0.115 48.47 48.61 0.130
Caramel 27.49 68.40 61.10
Caramel 27.49 68.40 60.86
Caramel 27.49 68.30 68.37 0.058 60.68 60.88 0.210
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Table A11. Raw data of honey measured at 22.76 oC.
Name Frequency 6 Bob Avg. 5 bob St. Dev 6 Vane Avg. 6 vane St. Dev
bad/il (,) (,) (,) O O e)
Honey 0.63 89.9 89.47
Honey 0.63 89.79 89.07
Honey 0.63 89.86 89.85 0.056 88.81 89.12 0.332
Honey 1.34 89.92 89.56
Honey 1.34 89.95 89.42
Honey L.34 89.96 89.94 0.021 89.14 89.37 0.214
Honey 2.04 89.97 89.57
Honey 2.04 89.98 89.46
Honey 2.04 89.97 89.97 0.006 89.23 89.42 0.173
Honey 2.75 89.94 89.55
Honey 2.75 89.92 89.54
Honey 2.75 89.92 89.93 0.012 89.2 89.43 0.199
Honey 3.46 89.89 89.42
Honey 3.46 89.93 89.35
Honey 3.46 89.93 89.92 0.023 89.23 89.33 0.096
Honey 4.16 89.96 89.31
Honey 4.16 89.99 89.26
Honey 4.16 90 89.98 0.021 89.03 89.20 0.149
Honey 4.87 89.96 89.23
Honey 4.87 90 89.21
Honey 4.87 90 89.99 0.023 88.95 89.13 0.156
Honey 5.58 89.95 89.18
Honey 5.58 89.98 89.16
Honey 5.58 89.98 89.97 0.017 88.87 89.07 0.173
Honey 6.28 89.92 89.l- 1
Honey 6.28 89.96 89.09
Honey 6.28 89.95 89.94 0.021 88.85 89.02 0.145
Honey 13.35 90 88.2
Honey 13.35 89.96 88.19
Honey 13.35 89.95 89.97 0.026 87.95 88.11 0.142
Honey 20.42 89.99 87.28
Honey 20.42 89.93 87.3
Honey 20.42 89.88 89.93 0.055 87.08 87.22 0.122
Honey 27 .49 89.76 86.14
Honey 27.49 89.7 86.15
Honey 27.49 89.69 89.72 0.038 85.96 86.08 0.107
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Tahle A11. (Continue)
Name Freq G* Bob Aog. G* bob St. Dev G* Vane A-rg. G* vane St. Dev
(rad/ s) (Pa) (Pa) (Pa) (Pa) (Pa) (Pa)
Honey 0.63 9.50 9.51
Honey 0.63 9.30 9.57
Honey 0.63 9.30 9.37 0.119 9.47 9.52 0.050
Honey 1.34 20.08 20.02
Honey L.34 L9.7L 20.24
Honey 1.34 19.68 19.82 0.223 19.88 20.05 0.181
Honey 2.04 30.71 30.55
Honey 2.04 30.14 30.75
Honey 2.04 30.11 30.32 0.338 30.27 30.52 0.245
Honey 2.75 41.35 41.06
Honey 2.75 40.59 41.35
Honey 235 40.54 40.83 0.454 40.52 40.98 0.419
Honey 3.46 52.0L 51.59
Honey 3.46 51.05 51.88
Honey 3.46 50.95 51.34 0.585 50.98 5L.48 0.459
Honey 4.16 62.70 62.16
Honey 4.16 61.50 62.35
Honey 4.t6 61.46 61.89 0.705 61.54 62.02 0.425
Honey 4.87 73.51 72.94
Honey 4.87 72.17 73.12
Honey 4.87 72.08 72.57 0.817 7L.96 72.67 0.625
Honey 5.58 84.4t 83.69
Honey 5.58 82.96 84.04
Honey 5.58 82.72 83.36 0.914 82.60 83.44 0.752
Honey 6.28 95.50 94.86
Honey 6.28 93.7 4 95.08
Honey 6.28 93.58 94.27 1.065 93.38 94.44 0.925
Honey 13.35 203.60 202.03
Honey 13.35 200.00 202.76
Honey 13.35 199.40 201.00 2.272 199.06 201.28 1.964
Honey 20.42 311.80 309.70
Honey 20.42 306.90 310.46
Honey 20.42 305.50 308.07 3.308 305.01 308.39 2.950
Honey 27.49 419.80 416.65
Honey 27.49 412.50 418.51
Iloney 27.49 4ll.60 414.63 4.497 410.24 415.L3 4.336
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Table A11. (Continue)
Name Freq G'Bob Arrg. G'bob St. Dev
(rad/ s) (Pa) (Pa) (Pa)









































































































































]Joney 27.49 2.25 2.06 0.275 28.90 28.35 0.479
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Table A11. (Continue)
Name Freq G" Bob A.rg. G" boh St. Dev G" Vane A.rg. G" vane St. Dev
had/il @a) (Pq,) Pa) (Pa) (Pa) (Pa)
Honey 0.63 9.50 9.51
Honey 0.63 9.30 9.57
Honey 0.63 9.30 9.37 0.115 9.47 9.52 0.050
Honey 1.34 20. 10 20.02
Honey 1.34 19.70 20.24
Honey 1.34 19.70 19.83 0.231 19.88 20.05 0.182
Honey 2.04 30.70 30.55
Honey 2.04 30.10 30.75
Honey 2.04 30.10 30.30 0.346 30.26 30.52 0.246
Honey 2.7 5 4L .40 4 1 .06
Honey 2.75 40.60 41.35
Honey 2.75 40.50 40.83 0.493 40.52 40.98 0.420
Honey 3.46 52.00 51.58
Honey 3.46 51.10 51.88
Honey 3.46 51.00 51.37 0.551 50.98 51.48 0.459
Honey 4.16 62.70 62.16
Honey 4.16 61.50 62.34
Honey 4.16 61.50 61.90 0.693 61.53 62.01 0.427
Honey 4.87 73.50 72.94
Honey 4.87 72.20 73.11
Honey 4.87 72.00 72.57 0.814 71.95 72.67 0.628
Honey 5.58 84.40 83.68
Honey 5.58 83.00 84.03
Honey 5.58 82.70 83.37 0.907 82.58 83.43 0.756
Honey 6.28 95.50 94.85
Honey 6.28 93.70 95.07
Honey 6.28 93.60 94.27 1.069 93.36 94.43 0.929
Honey 13.35 204.00 201.93
Honey 13.35 200.00 202.66
Honey 13.35 199.00 201.00 2.646 198.93 2OL.L7 1.980
Honey 20.42 312.00 309.35
Honey 20.42 307.00 310.11
Honey 20.42 306.00 308.33 3.215 304.62 308.03 2.979
Honey 27.49 420.00 415.71
Honey 27.49 412.00 417.56
Horrey 27.49 4L2.00 414.67 4.619 409.22 414.16 4.378
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Table ALL. Raw data of mayonnaise measured at 22.02oC.
Name Freq 6 Bob A.rg. 6 bob St. Dev 6 Vane A.rg. 6 vane St. Dev
(rad/s)e)OOOOe)
Mayonnaise 0.63 6.42 6.38
Mayonnaise 0.63 6.24 6.37
Mayonnaise 0.63 5.16 5.94 0.682 5.87 6.2t 0.290
Mayonnaise L.34 5.69 5.35
Mayonnaise 1.34 5.51 5.36
Mayonnaise 1.34 5.12 5.44 0.288 5.21 5.31 0.084
Mayonnaise 2.04 5.52 5.11
Mayonnaise 2.04 5.28 5.15
Mayonnaise 2.04 5.07 5.29 0.225 5.04 5.10 0.052
Mayonnaise 2.75 5.43 5.11
Mayonnaise 2.75 5.22 5.L2
Mayonnaise 2.75 5.08 5.24 0.178 5.06 5.10 0.032
Mayonnaise 3.46 5.35 5.05
Mayonnaise 3.46 5.LT 5.08
Mayonnaise 3.46 5.06 5.19 0.148 5.03 5.05 0.027
Mayonnaise 4.16 5.30 5.03
Mayonnaise 4.16 5.L4 5.02
Mayonnaise 4.16 5.06 5.17 0.123 5.01 5.OZ 0.008
Mayonnaise 4.87 5.36 5.08
Mayonnaise 4.87 5.21 5.10
Mayonnaise 4.87 5.12 5.23 0.120 5.06 5.08 0.020
Mayonnaise 5.58 5.40 5.15
Mayonnaise 5.58 5.27 5.16
Mayonnaise 5.58 5.20 5.29 0.106 5.13 5.15 0.015
Mayonnaise 6.28 5.47 5.23
Mayonnaise 6.28 5.34 5.24
Mayonnaise 6.28 5.27 5.36 0.102 5.2O 5.22 0.022
Mayonnaise 13.35 6.23 5.87
Mayonnaise 13.35 6.18 5.86
Mayonnaise 13.35 6.03 6.15 0.106 5.84 5.85 0.018
Mayonnaise 20.42 6.65 6.24
Mayonnaise 20.42 6.61 6.20
Mayonnaise 20.42 6.43 6.56 0.119 6.15 6.20 0.045
Mayonnaise 27.49 6.89 6.44
Mayonnaise 27.49 6.83 6.37
Mayonnaise 27.49 6.73 6.82 0.079 6.35 6.39 0.046
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Table A12. (Continue)
Name Freq G* Bob Arlg. G* bob St. Dev G* Vane Avg. G* vane St. Dev
(rad/ s) @a) (Pa) (Pa) (Pa) (Pa) (P")
Mayonnaise 0.63 763.10 614.82
Mayonnaise 0.63 703.10 623.60
Mayonnaise 0.63 747.40 737.87 31.115 636.74 625.05 11.03
Mayonnaise 1.34 795.20 648.26
Mayonnaise 1.34 733.70 656.10
Mayonnaise 1.34 770.30 766.40 30.935 666.72 657.03 9.26
Mayonnaise 2.04 817.80 668.14
Mayonnaise 2.04 756.40 675.45
Mayonnaise 2.04 79t.20 788.41 30.791 685.68 676.42 8.81
Mayonnaise 2.75 834.50 681.05
Mayonnaise 2.75 772.70 688.55
Mayonnaise 2.75 806.00 804.40 30.931 698.73 689.44 8.88
Mayonnaise 3.46 847.60 69L.44
Mayonnaise 3.46 785.20 698.52
Mayonnaise 3.46 817.60 816.80 31.208 708.46 699.47 8.55
Mayonnaise 4.L6 858.10 699.58
Mayonnaise 4.L6 795.40 706.71
Mayonnaise 4.L6 827.70 826.87 31.351 7L6.54 707.6L 8.52
Mayonnaise 4.87 866.80 708.53
Mayonnaise 4.87 804.70 715.77
Mayonnaise 4.87 838.60 836.70 31.094 725.82 716.71 8.68
Mayonnaise 5.58 878.10 716.99
Mayonnaise 5.58 815.20 724.29
Mayonnaise 5.58 849.10 847.47 31.482 734.74 725.34 8.92
Mayonnaise 6.28 884.00 724.L9
Mayonnaise 6.28 822.00 731.53
Mayonnaise 6.28 857.60 854.53 31.114 74t.84 732.52 8.87
Mayonnaise 13.35 925.90 748.23
Mayonnaise 13.35 858.30 755.80
Mayonnaise 13.35 890.60 891.60 33.811 765.95 756.66 8.89
Mayonnaise 20.42 952.60 759.29
Mayonnaise 20.42 883.10 767.19
Mayonnaise 20.42 915.90 917.20 34.768 777.29 767.92 9.02
Mayonnaise 27.49 97L.40 760.42
Mayonnaise 27.49 900.50 768.13
Mavonnaise 27.49 934.80 935.57 35.456 778.93 769.16 9.29
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Table A1-2. (Continue)
































































































































Mayonr:rarse 27.49 928.40 928.97 35.153 774.14 764.39 9.297
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Table A12. (Continue)
Name Freq G'' Bob A.rg. G'boh St. Dev G" Vane Arrg. G" vane St. Dev
(rad/ s) @a) (Pa) (Pa) (Pa) (Pa) (Pa)
Mayonnaise 0.63 85.40 68.32
Mayonnaise 0.63 76.50 69.23
Mayonnaise 0.63 67.20 76.37 9,101 65.16 67.57 2.134
Mayonnaise L.34 78.80 60.40
Mayonnaise 1.34 70.40 61.33
Mayonnaise 1.34 68.80 72.67 5.372 60.54 60.76 0.504
Mayonnaise 2.04 78.60 59.51
Mayonnaise 2.04 69.60 60.57
Mayonnaise 2.04 69.90 72.70 5.112 60.26 60.11 0.546
Mayonnaise 2.75 79.00 60.66
Mayonnaise 2.75 70.30 61.48
Mayonnaise 2.75 71.30 73.53 4.76L 61.66 6t.27 0.535
Mayonnaise 3.46 79.10 60.80
Mayonnaise 3.46 70.70 61.84
Mayonnaise 3.46 72.10 73.97 4.500 62.05 61.57 0.669
Mayonnaise 4.L6 79.30 61.29
Mayonnaise 4.16 71.30 61.88
Mayonnaise 4.16 73.00 7 4.53 4.2L5 62.59 61.92 0.650
Mayonnaise 4.87 80.90 62.68
Mayonnaise 4.87 73.00 63.57
Mayonnaise 4.87 74.80 76.23 4.140 63.95 63.40 0.655
Mayonnaise 5.58 82.70 64.32
Mayonnaise 5.58 74.80 65.18
Mayonnaise 5.58 76.90 78.13 4.092 65.75 65.08 0.718
Mayonnaise 6.28 84.30 66.03
Mayonnaise 6.28 76.50 66.85
Mayonnaise 6.28 78.80 79.87 4.008 67.24 66.70 0.618
Mayonnaise 13.35 101.00 76.54
Mayonnaise 13.35 92.40 77,13
Mayonnaise 13.35 93.60 95.67 4.658 77.87 77.L8 0.668
Mayonnaise 20.42 110.00 82.52
Mayonnaise 20.42 102.00 82.80
Mayonnaise 20.42 103.00 105.00 4.359 83.27 82.86 0.382
Mayonnaise 27.49 116.00 85.28
Mayonnaise 27.49 107.00 85.20
Mayonnaise 27.49 110.00 111.00 4.583 86.20 85.56 0.560
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Table A13. Raw data of mustard measured at 22.07 "C.
Name Freq 6 Bob A.rg. 6 bob St. Dev 5 Vane Avg. 6 vane St. Dev
(rad/s)OOOOOe)
Mustard 0.63 15.29 14.15
Mustard 0.63 15.09 13.96
Mustard 0.63 16.06 15.48 0.5t2 13.88 14.00 0.139
Mustard 1.34 15.00 13.30
Mustard L.34 15.04 L3.22
Mustard L.34 15.07 15.04 0.035 13.26 13.26 0.040
Mustard 2.04 L4.64 13.01
Mustard 2.04 14.68 12.93
Mustard 2.04 14.67 14.66 0.021 12.95 L2.96 0.042
Mustard 2.75 14.46 12.9L
Mustard 2.75 14.50 L2.84
Mustard 2.75 L4.47 14.48 0.021 12.84 12.86 0.040
Mustard 3.46 L4.32 12.81
Mustard 3.46 L4.34 12.72
Mustard 3.46 74.3L L4.32 0.015 t2.74 12.76 0.047
Mustard 4.t6 14.20 t2.73
Mustard 4.16 14.23 L2.65
Mustard 4.16 14.19 14.2L 0.021 12.65 12.68 0.046
Mustard 4.87 14.18 12.76
Mustard 4.87 14.2L 12.66
Mustard 4.87 L4.17 l4.Lg 0.021 L2.67 72.70 0.055
Mustard 5.58 14.19 L2.79
Mustard 5.58 14.22 12.68
Mustard 5.58 L4.17 14.19 0.025 12.7L 12.73 0.057
Mustard 6.28 L4.21 12.85
Mustard 6.28 L4.23 12.72
Mustard 6.28 14.18 14.21 0.025 t2.76 12.78 0.067
Mustard 13.35 15.32 13.54
Mustard 13.35 15.39 13.48
Mustard 13.35 15.31 15.34 0.044 13.49 13.50 0.032
Mustard 20.42 15.69 13.77
Mustard 20.42 15.73 13.69
Mustard 20.42 L5.64 15.69 0.045 t3.72 13.73 0.040
Mustard 27.49 15.85 13.82
Mustard 27.49 15.96 13.75
Mustard 27.49 15.80 15.87 0.082 13.76 13.78 0.038
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Table A13. (Continue)
Narne Freq G* Bob A.rg. G* hob St. Dev G* Vane Arlg. G* vane St. Dev
ftad/il Pa) (Pa) (Pa) (Pa) (Pa) (PL
Mustard 0.63 298.30 278.23
Mustard 0.63 300.20 270.65
Mustard 0.63 294.20 297.57 3.066 266.27 271.72 6.048
Mustard 1.34 339.60 320.57
Mustard 1.34 342.30 312.10
Mustard 1.34 339.50 340.47 1.589 304.45 312.37 8.059
Mustard 2.04 371.60 350.44
Mustard 2.04 375.40 340.70
Mustard 2.04 373.20 373.40 1.908 333.27 34L.47 8.613
Mustard 2.75 396.60 371.42
Mustard 2.75 400.40 361.05
Mustard 2.75 399.20 398.73 1.943 353.48 361.98 9.007
Mustard 3.46 416.00 388.30
Mustard 3.46 420.20 377.09
Mustard 3.46 419.30 418.50 2.211 369.51 378.30 9.453
Mustard 4.L6 432.00 402.t4
Mustard 4.16 436.40 390.43
Mustard 4.t6 435.90 434.77 2.409 382.75 391.77 9.765
Mustard 4.87 447.20 414.49
Mustard 4.87 451.90 40t.67
Mustard 4.87 451.80 450.30 2.685 394.72 403.63 10.030
Mustard 5.58 460.00 424.97
Mustard 5.58 463.10 412.95
Mustard 5.58 465.30 462.80 2.663 405.41 414.44 9.866
Mustard 6.28 472.30 434.40
Mustard 6.28 475.80 42I.81
Mustard 6.28 478.00 475.37 2.875 414.5L 423.57 10.065
Mustard 13.35 505.80 470.08
Mustard 13.35 511.80 455.37
Mustard 13.35 511.50 509.70 3.381 446.16 457.20 12.068
Mustard 20.42 543.00 49L.25
Mustard 20.42 547 .90 47 4.7 6
Mustard 20.42 549.00 546.63 3.194 466.28 477 .43 L2.694
Mustard 27.49 570.80 500.18
Mustard 27 .49 57 4.90 48t.76
Mustard 27.49 577.30 574.33 3.287 474.16 485.36 13.380
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Table A13. (Continue)













































































































































































Name Freq G'' Bob A.rg. G" bob St. Dev G" Vane A.rg. G'vane St. Dev
(rad/ s) (Pa) (Pa) (Pa) (Po) (Pa) (Pa)
Mustard 0.63 78.70 68.02
Mustard 0.63 78.10 65.29
Mustard 0.63 81.40 79.40 1.758 63.88 65.73 2.104
Mustard 1.34 87.90 73.75
Mustard 1.34 88.80 71.37
Mustard 1.34 88.30 88.33 0.451 69.83 71.65 1.97t
Mustard 2.04 93.90 78.89
Mustard 2.O4 95.20 76.24
Mustard 2.04 94.50 94.53 0.651 74.69 76.60 2.127
Mustard 2.75 99.00 82.98
Mustard 2.7 5 100.00 80.24
Mustard 215 99.70 99.57 0.513 78.55 80.59 2.236
Mustard 3.46 103.00 86.09
Mustard 3.46 104.00 83.03
Mustard 3.46 104.00 103.67 0.577 81.49 83.54 2.345
Mustard 4.16 106.00 88.61
Mustard 4.16 107.00 85.50
Mustard 4.16 107.00 106.67 0.577 83.82 85.98 2.433
Mustard 4.87 110.00 91.55
Mustard 4.87 111.00 88.03
Mustard 4.87 111.00 110.67 0.577 86.58 88.72 2.556
Mustard 5.58 113.00 94.08
Mustard 5.58 114.00 90.65
Mustard 5.58 114.00 113.67 0.577 89.20 91.31 2.508
Mustard 6.28 116.00 96.61
Mustard 6.28 117.00 92.88
Mustard 6.28 117.00 116.67 0.577 91.55 93.68 2.624
Mustard 13.35 134.00 110.06
Mustard 13.35 136.00 106.15
Mustard 13.35 135.00 135.00 1.000 104.08 106.76 3.037
Mustard 20.42 147.00 116.93
Mustard 20.42 149.00 LL2.36
Mustard 20.42 148.00 148.00 1.000 110.59 113.29 3.270
Mustard 27.49 156.00 119.48
Mustard 27.49 158.00 ll4.5l
Mustard 27.49 157.00 157.00 1.000 112.78 115.59 3.478
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Table A14. Raw data of pudding measured at 2L.94 "C.
Name Freq 6 Bob Avg. 6 bob St. Dev 5 Vane Avg. 6 vane St. Dev
(rad/ s) (') O (') Pt O e)
Pudding 0.63 9.32 8.69
Pudding 0.63 9.38 8.71
Pudding 0.63 9.94 9.55 0.344 9.49 8.96 0.458
Pudding 1.34 8.41 7.84
Pudding 1.34 8.37 7.82
Pudding 1.34 8.46 8.4L 0.041 8.16 7.94 0.191
Pudding 2.04 8.28 7 .7 4
Pudding 2.04 8.22 7.69
Pudding 2.04 8.27 8.25 0.031 7.95 7.79 0.136
Pudding 2.75 8.37 7.84
Pudding 2.75 8.30 7.76
Pudding 2.75 8.32 8.33 0.034 8.00 7.87 0.120
Pudding 3.46 8.44 7.91
Pudding 3.46 8.35 7.82
Pudding 3.46 8.37 8.39 0.043 8.02 7.92 0.102
Pudding 4.rG 8.52 7.99
Pudding 4.LB 8.43 7.88
Pudding 4.L6 8.44 8.46 0.050 8.10 7.99 0.tt2
Pudding 4.87 8.69 8.15
Pudding 4.87 8.59 8.03
Pudding 4.87 8.61 8.63 0.052 8.25 8.14 0.109
Pudding 5.58 8.94 8.29
Pudding 5.58 8.83 8.17
Pudding 5.58 8.85 8.87 0.058 8.38 8.28 0.107
Pudding 6.28 9.07 8.48
Pudding 6.28 8.97 8.36
Pudding 6.28 8.98 9.01 0.054 8.58 8.47 0.108
Pudding 13.35 10.35 9.77
Pudding 13.35 10.25 9.60
Pudding 13.35 L0.27 10.29 0.053 9.85 9.74 0.128
Pudding 20.42 11.13 10.44
Pudding 20.42 L1.02 10.24
Pudding 20.42 11.06 11.07 0.056 10.51 10.40 0.140
Pudding 27.49 11.62 10.83
Pudding 27.49 11.57 10.65
Pudding 27.49 11.60 11.60 0.025 10.87 10.78 0.117
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Table A14. (Continue)
Name Freq G* Bob A.rg. G* bob St. Dev G* Vane A.rg. G* vane St. Dev
(rad/ s) (Pa) (Pa) (Pa) (Pa) (Pat (Pat
Pudding 0.63 346.90 273.89
Pudding 0.63 349.30 295.L6
Pudding 0.63 345.50 347.23 1.922 261.43 276.83 17.057
Pudding t.34 367.10 29L.71
Pudding L.34 370.90 314.90
Pudding 1.34 371.30 369.77 2.318 281.80 296.14 16.989
Pudding 2.04 382.30 303.15
Pudding 2.04 386.50 326.88
Pudding 2.04 387.20 385.33 2.650 293.18 307.74 17.308
Pudding 2.75 392.80 311.00
Pudding 2.75 397.30 335.00
Pudding 2.75 398.20 396.10 2.893 300.92 375.64 17.508
Pudding 3.46 401.00 317.00
Pudding 3.46 405.70 341.46
Pudding 3.46 406J0 404.47 3.044 306.80 327.76 17.811
Pudding 4.16 407.90 321.99
Pudding 4.L6 412.80 346.73
Pudding 4.16 4t3.70 4L1.47 3.121 311.77 326.83 17.975
Pudding 4.87 413.50 327.30
Pudding 4.87 418.80 35L.25
Pudding 4.87 419.60 4t7.30 3.315 316.55 331.70 17.759
Pudding 5.58 417.90 392.L7
Pudding 5.58 423.50 356.41
Pudding 5.58 424.t0 42r.83 3.420 32t.29 336.62 17.979
Pudding 6.28 424.60 336.47
Pudding 6.28 430.20 359.51
Pudding 6.28 430.90 428.57 3.453 324.59 340.19 17.754
Pudding 13.35 459.60 353.87
Pudding 13.35 464.80 380.30
Pudding 13.35 465.90 463.43 3.365 342.69 358.95 19.313
Pudding 20.42 482.40 360.80
Pudding 20.42 487.60 386.42
Pudding 20.42 488.70 486.23 3.365 348.26 365.16 19.451
Pudding 27.49 499.90 359.78
Pudding 27.49 505.40 385.29
Pudding 27.49 506.70 504.00 3.610 346.57 363'88 19.680
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Table A14. (Continue)
Name Freq G' Bob Aog. G' bob St. Dev G'Vane A.rg G' vane St. Dev



































































































































































Pudding 27.49 496.30 493.67 3.573 340.35 357.46 19.473
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Table A14. (Continue)
Name Freq G'' Bob Avg. G" bob St. Dev G'Vane Arrg. G" vane St. Dev
(rad/ s) (Pa) (Pa) (Pa) (Pa) (Pa) (Pa)
Pudding 0.63 56.20 41.36
Pudding 0.63 56.90 44.68
Pudding 0.63 59.70 57.60 1.852 43.10 43.05 1.660
Pudding 1.34 53.70 39.78
Pudding L.34 54.00 42.85
Pudding 1.34 54.60 54.10 0.458 40.00 40.88 1.713
Pudding 2.04 55.00 40.82
Pudding 2.04 55.30 ' 43.73
Pudding 2.04 55.70 55.33 0.351 40.52 41.69 1.770
Pudding 2.75 57.20 42.42
Pudding 2.75 57.40 45.23
Pudding 2.75 57J0 57.43 0.252 41.86 43.17 1.808
Pudding 3.46 58.80 43.61
Pudding 3.46 58.90 46.45
Pudding 3.46 59.20 58.97 0.208 42.8L 44.29 t.9L2
Pudding 4.tG 60.40 44.7 6
Pudding 4.t6 60.50 47.54
Pudding 4.16 60.70 60.53 0.153 43.95 45.41 1.881
Pudding 4.87 62.50 46.38
Pudding 4.87 62.60 49.07
Pudding 4.87 62.80 62.63 0.153 45.42 46.96 1.894
Pudding 5.58 64.90 47.89
Pudding 5.58 65.00 50.65
Pudding 5.58 65.30 65.07 0.208 46.85 48.46 1.965
Pudding 6.28 66.90 49.61
Pudding 6.28 67.10 52.29
Pudding 6.28 67.30 67.10 0.200 48.41 50.10 1.984
Pudding 13.35 82.50 60.07
Pudding 13.35 82.70 63.43
Pudding 13.35 83.10 82.77 0.306 58.63 60.71 2.462
Pudding 20.42 93.10 65.38
Pudding 20.42 93.20 68.69
Pudding 20.42 93.80 93.37 0.379 63.52 65.87 2.619
Pudding 27.49 101.00 67.60
Pudding 27.49 101.00 7L.20
Pudding 27.49 102.00 101.33 0.577 65.36 68.05 2.950
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Tahle A15. Raw data of Ranch salad dressing measured at 22.25 "C.
Narne Freq 6 Bob Allg. 6 bob St. Dev 6 Vane
had/s)OOOP)























































































































































































Name Freq G* Bob Arg. G* bob St. Dev G* Vane Arzg. G* vane St. Dev
(rad/ s) @a) (Pa) (Pa) (Pa) (Pa) (Pa)
Ranch 0.63 83.97 80.20
Ranch 0.63 84.34 77.30
Ranch 0.63 81.27 83.19 1.676 83.29 80.27 2.994
Ranch 1.34 97.15 95.2L
Ranch 1.34 97.23 89.22
Ranch 1.34 95.09 96.49 1.213 96.24 93.56 3.794
Ranch 2.04 105.8 103.71
Ranch 2.04 105.8 96.69
Ranch 2.04 103.8 105.13 1.155 104.22 101.54 4.208
Ranch 2.75 111.9 109.40
Ranch 2.75 111.9 101.95
Ranch 2.75 110 llL.27 1.097 109.99 lo7.l2 4.482
Ranch 3.46 116.8 113.59
Ranch 3.46 Lt6.7 106.28
Ranch 3.46 1L4.9 116.13 1.069 ll4.7l 111.53 4.577
Ranch 4.L6 120.9 ll7.2o
Ranch 4.16 l-20.8 109.73
Ranch 4.16 119 120.23 1.069 118.46 115.13 4.722
Ranch 4.87 t24.9 120.59
Ranch 4.87 124.4 113.16
Ranch 4.87 122.8 124.03 1.097 122.25 118.67 4.839
Ranch 5.58 128.6 123.69
Ranch 5.58 L27.8 116.29
Ranch 5.58 126.2 127.53 1.222 125.58 121.85 4.907
Ranch 6.28 131.8 126.44
Ranch 6.28 131.6 119.05
Ranch 6.28 L29.4 130.93 1.332 128.51 L24.67 4.977
Ranch 13.35 150.2 138.27
Ranch 13.35 149.8 130.29
Ranch 13.35 148 149.33 1.172 140.81 136.46 5.490
Ranch 20.42 L64 140.10
Ranch 20.42 L62.9 131.91
Ranch 20.42 161.4 L62.77 1.305 142.82 138.28 5.677
Ranch 27.49 175.1 134.89
Ranch 27.49 173.9 126.25
Ranch 27.49 172.2 L73.73 r.457 137.50 132.88 5.888
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Table A15. (Continue)
Name Freq G' Bob A-rg. G' bob St. Dev G'Vane A.rg G'vane St. Dev
(rad/ s) (Pa) (Pa) (Pa) (Pa) (Pa) (Pa)




















Ranch 20.42 156. 1
























Ranch L.34 90.92 92.36 L.251 92.06 89.49 3.642
Ranch 2.04 99.57 100.92 L.172 100.00 97.42 4.068
Ranch 2.75 107.6 105.12
Ranch 2.75 107.5 97.90
Ranch 2.75 105.6 106.90 L.127 105.68 102.90 4.338
Ranch 3.46 110.4 111.70 1.t27 110.30 L07.24 4.450
Ranch 4.L6 LL4.4 115.67 1.102 114.00 110.78 4.589
Ranch 4.87 118.1 119.37 1.115 L17.66 114.20 4.7L2
Ranch 5.58 12L.3 122.67 1.234 120.88 L77.28 4.780
Ranch 6.28 724.4 125.93 1.332 123.69 119.98 4.845
Ranch 13.35 141.9 L43.23 1.172 135.53 131.31 5.339
Ranch 20.42 154.5 155.90 1.311 L37.73 133.33 5.513
Ranch 27.49 164.8 166.37 t.464 133.00 128.54 5.712
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Table A15. (Continue)
Name Freq G'Bob A.rg. G" bob St. Dev G'Vane A.rg. G'vane St. Dev
(rad/ s) (Pa) (Pa) (Pa) (Pa) (Pa) (Pe)







Ranch 2.7 5 30.9









































Ranch 1.34 27.9 27.97 0.058 28.07 27.28 1.065
Ranch 2.04 29.4 29.47 0.058 29.37 28.63 1.086
Ranch 2.75 30.7 30.80 0.100 30.48 29.75 1.134
Ranch 3.46 31.7 31.83 0.115 31.52 30.64 1.092
Ranch 4.16 32.7 32.80 0.100 32.20 31.36 t.128
Ranch 4.87 33.7 33.83 0.153 33.16 32.24 t.127
Ranch 5.58 34.7 34.83 0.153 34.00 33.08 1.131
Ranch 6.28 35.7 35.87 0.153 34.86 33.88 1.163
Ranch 13.35 42.2 42.40 0.200 38.22 37.13 1.300
Ranch 20.42 46.7 46.83 0.231 37.81 36.65 1.366
Ranch 27.49 49.9 50.10 0.346 34.87 33.66 1.433
Table AL6. Raw
bob sensors in a
22.00 "c.
102
data of Ranch salad dressing measured using vane and
disposable aluminum container (Rc = 0.02340 m) at






















































































































































Ranch-al cup 27.49 16.85 16.76 0.085 14.00 13.99 0.032
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Table A16. (Continue)
Name Freq G* Bob A.rg. G* bob St. Dev G* Vane A.rg. G* vane St. Dev
(rad/ s) (Pa) (Pa) (Pa) (Pa) (Po) (Pa)
Ranch-al cup 0.63 81.27 83.19 1.676 58.20 57.09 0.961
Ranch-al cup 0.63 83.97
Ranch-al cup 0.63 84.34
Ranch-al cup 1.34 97.15
Ranch-al cup 1.34 97 .23
Ranch-al cup 2.O4 105.80
Ranch-al cup 2.O4 105.80
Ranch-al cup 2.75 111.90
Ranch-al cup 2.75 111.90
Ranch-al cup 3.46 116.80
Ranch-al cup 3.46 116.70
Ranch-al cup 4.16 120.90
Ranch-al cup 4.16 120.80
Ranch-al cup 4.87 124.90
Ranch-al cup 4.87 124.40
Ranch-a1 cup 5.58 128.60
Ranch-al cup 5.58 t27.80
Ranch-al cup 6.28 131.80
Ranch-al cup 6.28 131.60
Ranch-al cup 13.35 150.20
Ranch-al cup 13.35 149.80
Ranch-al cup 20.42 164.00
Ranch-al cup 20.42 162.90
Ranch-al cup 27.49 775.10

























Ranch-al cup 1.34 95.09 96.49 1.213 66.44 65.91 0.527
Ranch-al cup 2.04 103.80 105.13 1.155 72.15 71.62 0.683
Ranch-al cup 2.75 110.00 Lll.27 1.097 76.34 75.73 0.814
Ranch-al cup 3.46 114.90 116.13 1.069 79.84 79.08 0.900
Ranch-al cup 4.16 119.00 120.23 1.069 82.46 81.72 0.866
Ranch-al cup 4.87 122.80 124.03 1.097 84.93 84.18 0.847
Ranch-al cup 5.58 126.20 L27.53 1.222 87.06 86.36 0.758
Ranch-al cup 6.28 129.40 130.93 1.332 88.98 88.27 0.753
Ranch-al cup 13.35 148.00 149.33 1.L72 96.07 95.30 0.825
Ranch-al cup 20.42 161.40 162.77 1.305 93.94 93.31 0.633
P;arrch-al cup 27.49 772.20 173.73 1.457 86.65 85.97 0.707
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Table A16. (Continue)
Name Freq G' Bob Avg. G'bob St. Dev G'Vane Avg G'vane St. Dev
ftad/il @d @a) (Pa) (Pa) (Pa) (Pa)
Ranch-al cup 0.63 76.96 79.01 L.787 55.28 54.L6 0.974
Ranch-al cup 0.63 79.86
Ranch-al cup 0.63 80.22
Ranch-al cup 1.34 93.04
Ranch-al cup 1.34 93.13
Ranch-al cup 2.O4 101.60
Ranch-al cup 2.04 101.60
Ranch-al cup 2.75 107.60
Ranch-al cup 2.75 107.50
Ranch-al cup 3.46 112.40
Ranch-al cup 3.46 112.30
Ranch-al cup 4.L6 116.40
Ranch-al cup 4.16 116.20
Ranch-al cup 4.87 L20.20
Ranch-al cup 4.87 119.80
Ranch-al cup 5.58 L23.70
Ranch-al cup 5.58 123.00
Ranch-al cup 6.28 126.80
Ranch-al cup 6.28 126.60
Ranch-al cup 13.35 144.10
Ranch-al cup 13.35 143.70
Ranch-al cup 20.42 157.10
Ranch-al cup 20.42 156.10
Ranch-a1 cup 27.49 167.70

























Ranch-al cup 1.34 90.92 92.36 L.251 63.52 63.00 0.513
Ranch-al cup 2.O4 99.57 100.92 1.172 69.19 68.67 0.663
Ranch-al cup 2.75 105.60 106.90 1.127 73.31 72.71 0.78G
Ranch-al cup 3.46 110.40 111.70 1.127 76.71 75.99 0.860
Ranch-al cup 4.L6 tl4.4o 115.67 I.LOL 79.32 78.60 0.842
Ranch-al cup 4.87 118.10 119.37 1.115 81.71 80.98 0.818
Ranch-al cup 5.58 121.30 t22.67 1.234 83.77 83.09 0.733
Ranch-al cup 6.28 t24.40 125.93 1.332 85.62 84.93 0.726
Ranch-al cup 13.35 141.90 743.23 1.172 92.51 91.77 0.793
Ranch-al cup 20.42 154.50 155.90 1.311 90.76 90.14 0.620
Ranch-al cup 27.49 164.80 166.37 1.464 84.07 83.42 0.677
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Table .4'16. (Continue)
Name Freq G" Bob A.rg. G" bob St. Dev G" Vane Avg. G" vane St. Dev
(rad/ s) (Pa) (Pa) (Pa) (Pa) (Pa) (Pal
Ranch-al cup 0.63 26.10 26.00 0.100 18.18 18.04 0.177
Ranch-al cup 0.63 25.90
Ranch-al cup 0.63 26.00
Ranch-al cup 2.04 29.50
Ranch-al cup 2.04 29.50
Ranch-al cup 2.75 30.90
Ranch-al cup 2.75 30.80
Ranch-a1 cup 3.46 31.90
Ranch-al cup 3.46 31.90
Ranch-al cup 4.L6 32.90
Ranch-al cup 4.16 32.80
Ranch-al cup 4.87 34.00
Ranch-al cup 4.87 33.80
Ranch-al cup 5.58 35.00
Ranch-al cup 5.58 34.80
Ranch-al cup 6.28 36.00
Ranch-al cup 6.28 35.90
Ranch-al cup 13.35 42.60
Ranch-al cup 13.35 42.40
Ranch-al cup 20.42 47.10
Ranch-al cup 20.42 46.70
Ranch-al cup 27.49 50.50

























Ranch-al cup 1.34 28.00
Ranch-a1 cup 1.34 28.00
Ranch-al cup 1.34 27.90 27.97 0.058 19.48 19.38 0.136
Ranch-al cup 2.04 29.40 29.47 0.058 20.45 20.36 0.173
Ranch-al cup 2.75 30.70 30.80 0.100 21.28 21.L7 0.227
Ranch-al cup 3.46 31.70 31.83 0.115 22.1L 21.90 0.266
Ranch-a1 cup 4.16 32.70 32.80 0.100 22.53 22.37 0.207
Ranch-al cup 4.87 33.70 33.83 0.153 23.17 22.99 0.221
Ranch-al cup 5.58 34.70 34.83 0.153 23.72 23.55 0.194
Ranch-al cup 6.28 35.70 35.87 0.153 24.24 24.06 0.198
Ranch-al cup 13.35 42.20 42.40 0.200 25.92 25.70 0.231
Ranch-al cup 20.42 46.70 46.83 0.231 24.22 24.09 0.132













Figure .A.1. Moduli comparison obtained using the concentric cylinder
















Figure A2. Moduli comparison obtained using the concentric cylinder


























Figure A3. Moduli comparison obtained
and vane sensors for mustard at 22 "C.













Figure A4. Moduli comparison obtained using the concentric cylinder






































Figure A5. Moduli comparison obtained using the concentric cylinder
and vane sensors for honey at 22 "C.
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